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The  Ninety.fourth  Ordinary  General  Meeting  of  the  Society  was 
held  at  the  Institution  of  Civil  Engineers,  25,  Great  George 
Street,  Westminster,  on  Wednesday  evening,  January  26th, 
1881— Mr.  W.  H.  Pbbbcb  (President)  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting,  and  the  Annual 
Meeting  held  on  December  22nd,  were  read,  and  the  names  of  new 
candidates  announced. 

Mr.  W.  H.  Fbeegb  :  Gentlemen, — ^The  time  has  arrived  when 
I  must  throw  off  that  imaginary  mantle  which  I  have  held  for  the 
past  twelve  months  as  your  President,  and  throw  it  over  the 
shoulders  of  this  more  worthy  representative,  Professor  G.  C. 
Foster,  F.R.S.,  whom  I  have  now  great  pleasure  in  introducing  to 
you  as  your  President  for  the  ensuing  year. 

Sir  C.  F.  Bbight  :  The  pleasant  duty  has  fetllen  on  me  to-mght 
of  proposing  the  thanks  of  this  Society  to  Mr.  W.  H.  Preece  for  the 
admirable  manner  in  which  he  has  discharged  the  duties  of 
President  during  the  past  year.  I  am  quite  sure  that  all  of  you 
will  support  the  proposition  most  heartily.  It  is  no  easy  matter  to 
be  President  over  a  Society  such  as  this,  which  has  so  great  a 
variety  of  subjects  coming  before  it,  and  which  require  to  be  intro- 
duced and  dealt  with  more  or  less  by  the  President.  Still  more 
arduous  must  the  post  be  when  he  who  undertakes. suoh  functions 
YOL.  X.  1  ' 
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is  at  the  same  time  engaged,  as  Mr.  Preece  has  been,  in  the  per- 
foimance  of  the  many  and  varied  duties  of  the  o£Scial  position  held 
by  him  in  the  Post  OflSce  Telegraphs.   I  have  known  Mr.  Preece  for 
nearly  thirty  years.    We  were  fellow. workers  in  the  early  days  of 
that  telegraph  world  in  which  he  has  so  much  distinguished  himself. 
Not  only  has  he  done  so  well  for  this  Society,  but  he  is  a  man  of 
rare  inventive  genius,  as  is  shown  by  his  improvements  in  railway 
telegraph  signalling  and  many  other  things  which  are  well  known 
to  all  readers  of  electrical  works,  especially  those  treating  of  the 
technical  details  of  telegraphs.    I  most  heartily  congratulate  my 
firiend  on  the  admirable  manner  in  which  he  has  presided  over  us 
while  holding  the  helm  of  this  Society  during  the  past  twelve 
months.     We  have  had  during  that  period  some  most  important 
papers.    He  has  been  a  good  caterer  to  our  mess,  introducing 
to  us  the  best  dishes  and  the  newest  in  the  season,  and  I  am  con- 
fident that  the  year  1880  will  be  marked  in  the  history  of  this 
Society  as  one  which  can  hardly  be  surpassed  in  its  future  history. 
Very  appropriately,  just  now  that  we  have  changed  the  title,  and 
have  added  the  name   "Electricians"  to  the  old  title  of  the 
Society,  we  have  in  Mr.  Preece's  successor  a  man  of  high  dis- 
tinction  and  genius  in  physics  and  natural  philosophy.     I  beg  to 
propose  (and  I  am  sure  it  will  be  carried  with  acclamation)  that 
the  best  thanks  of  this  Society  are  due  to  Mr.  Preece  for  the 
admirable  manner  in  which  he  has  discharged  the  duties  of 
President  during  the  past  year. 

Professor  W.  Gi  Adams:  I  have  great  pleasure  in  seconding 
the  vote  of  thanks  which  has  been  proposed  by  Sir  0.  Bright.  It 
is  unnecessary  that  I  should  take  up  much  of  your  time  in  doing 
sOy  for  you  alt  know  the  way  in  which  Mr.  Preece  has  exerted 
himself  during  the  past  two  years  to  make  our  meetings  interesting, 
and  a  very  little  reflection  will  bring  to  mind  the  very  interesting 
meetii^s  we  have  had  during  that  time.  I  need  say  no  more.  I 
have  very  great  pleasure  in  seconding  the  proposition. 

Professor  G.  C.  FOSTEB   (President):    It  affords   me  great 

pleasure  that  my  first  official  duty  is  to  put  this  vote  of  thanks  for 

your  late  President.    I  most  heartily  join  in  the  proposition,  and 

^can  9ply  hope  thi^t  jrou  may  not  too  greatly  regret  the  proceedings 

:of  thi  CouVcil  ip  fleeting  me  to  succeed  Mr.  Preece,  but  I  shall  do 
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my  best  to  prevent  the  contrast  between  your  late  and  new 
President  being  too  keenly  felt. 

Mr.  W,  H.  Pbbbce:  Mr.  President  and  Gentlemen, — ^I  had 
placed  in  my  hands  not  many  days  ago  a  paper  (I  think  from  the 
other  side  of  the  Atlantic)  written  by  a  member  of  the  Diplomatic 
Service,  which  was  headed  **  Butter  with  a  Soapstone  Basis."  Now 
I  do  not  want  you  to  infer  that  any  of  the  remarks  made  by  Sir  C. 
Bright  are  in  any  way  characterised  by  butter,  nor  that  the 
remarks  made  by  Professor  Adams  had  anything  in  them  of  the 
character  of  soapstone,  but  I  am  sure  that  Sir  C.  Bright  introduced 
a  little  modicum  of  soapstone  and  Professor  Adams  a  small 
modicum  of  butter.  I  do  not  think  the  encomiums  they  have 
passed  upon  me  have  been  deserved.  All  that  I  can  say  is  that 
during  my  term  of  o£Sce  I  have  endeavoured  to  do  my  duty,  and 
if  I  could  not  command  success,  at  least  I  have  tried  to  deserve  it. 
I  have  sought  your  approbation  by  bringing  before  you  every 
recent  novelty  in  electrical  science,  by  pressing  and  pestering  all 
my  friends  to  give  you  papers,  and  by  doing  my  very  utmost  to 
make  your  evenings  entertaining  as  well  as  instructive.  At  the 
commencement  I  pointed  out  how  essential  it  was  for  the  Tele- 
graph  Engineer  to  combine  theory  with  practice,  and  to  endeavour, 
as  much  as  he  possibly  could,  to  further  the  interests  of  his  pro. 
fession  by  interlarding,  as  much  as  he  could,  theory  with  practice. 
I  have  done  so  in  the  papers  that  have  been  put  before  you  during 
my  term  of  office.  We  have,  in  that  period,  had  some  admirable 
papers,  thanks  to  Professor  Hughes,  Professor  Bell,  Mr.  Stroh,  Dr. 
Siemens,  Mr.  Alexander  Siemens,  Mr.  E.  Oraves,  and  others — 
papers  containing  a  mixture  of  points  practical  and  theoretical ; 
and  I  am  happy  to  think  that  the  interest  of  our  meetings  has 
increased  at  a  compound  rate  rather  than  diminished,  for  we  all 
remember  what  a  successful  and  interesting  meeting  signalised 
the  last  evening. 

There  are  other  matters  that  we  have  to  congratulate  ourselves 
upon,  and  not  the  least  among  them  is  that,  thanks  to  the  exertions 
of  our  honorary  Treasurer  (Mr.  E.  Qraves),  the  Society  has  been 
brought  into  a  position  in  which  it  is  not  only  entirely  out  of  debt, 
bat  with  a  balance  to  its  credit ;  and  more  than  that,  we  com. 
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mence  this  year  with  (and  it  gives  me  great  pleasure  to  hand  over 
to  Professor  Foster)  a  balance  also  of  papers,  which  are  already  in 
our  possession,  to  be  read  at  the  forthcoming  meetings,  and  which  I 
am  sure  will  prove  interesting. 

I  thank  you  all  for  the  great  assistance  which  I  have  received 
from  every  Member  and  Associate  during  the  past  year,  and  can 
only  hope  that  Professor  Foster  will  meet  with  as  much  kindness 
and  attention  at  the  hands  of  those  who  prepare  and  read  papers 
as  I  have  had.     (Applause.) 

INAUGURAL  ADDRESS. 
By  G.  Cabby  Fostbe,  F.R.S.,  President. 

When  one  finds  oneself  in  a  position  of  so  much  distinction  as 
that  to  which  I  have  been  called  by  the  Society  of  Telegraph 
Engineers  and  of  Electricians,  it  is  only  natural  to  ask  oneself  the 
question,  What  can  people  mean  by  selecting  me  for  such  an 
honour?  If  the  only  reason  for  putting  this  question  were  the 
interest  that  the  asker  takes  in  all  that  concerns  the  person  to 
whom  it  is  addressed,  there  would  be  no  excuse  for  mentioning  it 
here.  It  seems  to  me,  however,  that  it  is  a  question  which  it  is 
not  only  natural  but  very  desirable  that  I  should  ask  myself. 
For,  clearly,  the  likelihood  of  my  being  able  in  any  degree  to 
carry  out  the  wishes  and  intentions  of  the  Society  must  greatly 
depend  upon  my  forming  a  correct  judgment  as  to  what  those 
wishes  and  intentions  are. 

I  make  no  excuse,  therefore,  for  having  tried  to  make  out  what 
may  have  been  the  possible  reasons  that  determined  your  last 
choice  of  a  President.  Most  obvious  among  such  reasons  appeared 
simple  and  unearned  kindness,  for  which  I  can  only  o£kr  sincere 
and  grateful  thanks.  But  I  think  I  cannot  be  wrong  in  supposing 
that  another  motive  which  contributed  to  the  election  of  one  who 
is  no  way  connected  with  telegraphy  or  any  other  practical  appli- 
cation  of  electricity,  was  the  feeling  that  the  Society  of  Telegraph 
Engineers  is  not,  and  does  not  wish  to  be,  simply  a  professional 
society,  but  that  it  is  as  much  concerned  with  the  scientific  prin- 
ciples  which  underlie  the  practical  operations  in  which  many  of 
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its  members  are  engaged,  as  -with  the  details  of  these  operations 
themselves. 

Now,  whatever  view  I  may  take  of  the  wisdom  of  your  recent 
choice,  considered  as  a  way  of  putting  forward  the  scientific 
interests  of  the  Society,  I  have  ventured  to  take  as  the  subject  of 
what  I  have  to  say  this  evening,  some  considerations  which  have 
been  suggested  to  me  by  the  supposition  that  this  was  the 
meaning  of  that  choice.  My  remarks  will  accordingly  relate  to 
some  of  the  ways  in  which  the  scientific  study  of  electrical 
phenomena  and  the  application  to  practical  purposes  of  the  results 
of  that  study  mutually  affect  each  other. 

It  is  a  trite  as  well  as  true  saying  that  practical  inventions 
spring  out  of  scientific  discoveries.  The  chief  practical  inventions 
that  we  have  to  do  with  in  this  Society  owe  their  origin  to  a 
burst  of  discovery  which  took  place  just  over  sixty  years  ago.  It 
was  on  the  21st  July,  1820,  that  Oersted  made  known  the  fact  of 
the  deflection  of  the  magnetic  ne^le  by  the  galvanic  current,  and 
in  less  than  twelve  months  from  that  date  Amp^  had  demon- 
strated  the  reciprocal  action  of  magnets  on  currents ;  he  had  also 
discovered  the  force  exerted  by  currents  upon  each  other ;  and  he 
and  Arago  had  discovered  the  production  of  temporary  electro, 
magnets  when  a  current  is  carried  by  means  of  a  coiled  conductor 
roand  a  soft  iron  core.  Scarcely  had  electric  tel^raphy  thus 
become  possible,  when  in  1821  Sir  Humphry  Davy  produced  a 
voltaic  arc  1  inch  in  length  between  carbon  poles  connected  with 
a  battery  of  2,000  cells,  thus  giving  to  his  own  generation  a 
prophetic  glance  at  what  was  to  be  the  light  of  their  grand, 
diildren.  Ten  years  later,  in  1831,  Davy's  great  pupil  followed 
with  the  discovery  of  induced  currents — a  discovery  of  which  it 
ia  hard  to  say  whether  the  scientific  or  the  practical  results  have 
been  the  most  important. 

Its  fundamental  character  must  have  been  evident  from  the 
first,  not  only  in  the  number  and  variety  of  the  phenomena 
wherein  the  principle  of  induction  manifested  itself,  but  perhaps 
even  more  in  the  mavellously  beautiful  relation  of  reciprocity  in 
which  these  phenomena  stodd  to  those  of  electro.magnetism  and 
electro-dynamics.    Faraday's  discovery  was  the  complement  of  those 
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of  Oersted  and  Ampere.  Taken  in  conjunction  with  each  other,  the 
phenomena  of  electro-magnetism  and  those  of  induced  currents  are 
seen  to  be  different  aspects  of  the  same  facts.  When  thus  known 
from  both  sides,  these  facts  fall  naturally  into  relation  with  the 
other  systematised  physical  facts  under  the  grand  generalisation  of 
the  doctrine  of  Energy ;  whereas,  were  but  one  aspect  of  them 
known,  the  phenomena  would  belong  to  the  domain  of  Natural 
History  rather  than  to  that  of  Scientific  Physics. 

On  the  other  hand,  the  practical  consequences  of  the  disdbvery 
of  induced  currents  have  shown  themselves  year  by  year  to  be 
growing  more  and  more  rapidly  both  in  number  and  importance. 
In  illustration  of  this  statement,  I  need  not  do  more  than  remind 
the  Society  that  it  is  by  the  help  of  induced  currents  that  the 
electric  light  has  ceased  to  be  merely  a  '^  marvel  of  science,"  and  has 
become  a  matter  of  interest  to  municipal  corporations  and  limited 
liability  companies ;  that  electro-magnetic  engines,  instead  of  being 
things  which  would  sometimes  go  round  upon  a  scientific  lecture- 
table,  and  sometimes  would  not,  have  become  the  means  whereby 
water-power  can  be  substituted  for  steam-power  upon  a  practical 
scale ;  and  that  Graham  Bell  has  made  it  easier  to  talk  to  a  friend 
in  the  next  county  than  it  used  to  be  if  he  were  in  the  next  room. 

With  this  discovery  of  Faraday's  we  may  say  that  the  essential 
foundations  of  all  practical  applications  of  electricity  made  up  to 
the  present  time  had  been  completely  laid.  The  rearing  of  the 
superstructure  has  depended  on  the  progress  of  practical  invention. 
So  far  as  it  has  been  aided  by  scientific  enquiries,  these  have  related 
to  the  more  complete  elucidation  of  the  laws  of  known  phenomena 
rather  than  to  the  discovery  of  new  phenomena ;  or,  in  cases  where 
they  have  resulted  in  new  discoveries,  the  things  discovered  have 
been  matters  of  more  or  less  important  detail  ratlier  than  funda. 
mental  principles. 

Always,  however,  when  we  find  scientific  discoveries  giving 
rise  to  practical  inventions,  we  may  also  find  these  inventions 
contributing  to  the  advancement  of  science.  If  it  is  true  that 
in  many  cases  practice  has  been  rendered  possible  by  science,  it  is 
no  less  true  that  every  scientific  discovery  which  is  applied  for 
practical  ends  becomes  more  fertile,  even  of  purely  scientific  results. 
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than  it  would  have  been  had  it  not  been  so  applied.  If  the  outcome 
of  the  application  is  a  new  instrument,  such  as  a  magneto-eleotric 
machine^  a  telephone,  or  a  mirror.galvanometer,  this  immediately 
becomes  a  new  tool  in  the  hands  of  the  scientific  investigator.  If 
the  outcome  is  a  new  process  like  electric  telegraphy,  it  gives 
occasion  for  the  observation  of  phenomena«*say,  electrostatic 
induction  in  galvanic  conductors,  or  earth  currents — ^whidi  would 
otherwise,  in  all  probability,  have  long  remained  unknown.  It  is 
of  some  aspects  of  this  beneficial  influence  exerted  by  the  progress 
of  practical  inventions  upon  the  advancement  of  science  that  I 
wish  chiefly  to  speak  in  what  follows. 

And  there  is  another  way  in  which  practice  reacts  beneficially 
upon  science,  which  is  not  less  important  than  supplying  it  with  new 
tools  of  research,  or  new  phenomena  for  investigation — that  is,  in 
often  shedding  new  light  upon  the  relative  importance  of  different 
branches  of  enquiry,  and  demanding  an  answer  to  questions  which 
might  otherwise  have  had  long  to  wait  for  full  attention. 

When  an  operation  is  transferred  from  the  laboratory  to  the 
manufactory,  the  conditions  under  which  it  is  carried  out  are  com. 
pletely  changed.  It  is  not  simply  a  change  of  scale,  tons  taking 
the  place  of  grammes,  and  miles  of  centimetres :  the  change  goes 
much  deeper  than  this,  and  affects  both  the  object  in  view  and  the 
criterion  of  success.  The  object  of  the  scientific  investigator  is  to 
get  to  know  something,  and  his  criterion  of  success  is  the  fulness 
and  definiteness  of  the  knowledge  he  gains.  The  object  of  the 
engineer  or  the  manufacturer  is  to  (2o  or  to  Tnake  something,  and 
lus  criterion  of  success  is  that  he  is  able  to  do  or  make  this  thing 
under  certain  conditions,  and  especially  that  he  can  do  it  or  make 
it  at  not  too  great  a  cost. 

It  does  not,  however,  follow  from  this  that  the  knowledge 
which  will  enable  a  man  to  succeed  in  the  application  of  a  scientific 
discovery  to  practical  purposes  is  of  inferior  quality  to  that  of  the 
professed  man  of  science.  It  may  be  narrower  in  range,  but  in 
what  relates  directly  to  the  particular  subject  he  takes  in  hand,  the 
practical  man  finds  himself  from  the  outset  obliged  to  know  matters 
which,  when  the  only  motive  for  enquiry  is  the  simple  love  of 
knowledge,  are  commonly  not  investigated  until  a  high  stage  of 
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development  has  been  reached.  In  the  ordinary  coarse  of 
scientific  discoveiy,  what  may  be  called  the  qualitative  aspects  of 
phenomena  are  the  first  to  attract  attention.  Quantitative  know- 
ledge comes  later,  and  by  degrees :  first  it  is  ascertained  what  are 
the  conditions  which  cause  an  increase  or  decrease  of  the  effects 
observed;  next,  numerical  relations  of  an  empirical  kind  are 
established  between  the  variations  of  these  conditions  and  the 
resulting  variations  of  the  effects.  It  is  not  imtil  a  phenomenon  is 
sufficiently  well  known  for  definite  mathematical  expression  to  be 
given  to  its  laws  that  what  are  called  ''  absolute  "  values  of  the 
constants  entering  into  the  expression  are  required  for  scientific 
purposes,  or  that  methods  for  the  determination  of  such  values  can 
be  devised. 

On  the  other  hand,  when  an  operation  has  to  be  carried  on,  or 
some  definite  result  is  to  be  produced  as  part  of  a  commercial 
undertaking,  it  becomes  of  the  utmost  importance  from  the  very 
first  that  the  effect  of  every  essential  condition  should  be  known  in 
such  a  way  that  it  can  be  stated  by  reference  to  universally 
recognised  standards. 

The  difference  between  the  requirements  of  the  two  cases 
becomes  very  evident  on  considering  an  example  of  each  kind. 
During  the  last  hundred  years  some  unknown  number  of  thousands 
of  electrical  machines  have  been  made  and  used  for  purposes  more 
or  less  scientific,  but  after  all  this  experience,  who  could  draw  up 
a  specification  for  an  electrical  machine  which  should,  with  a 
stated  number  of  revolutions,  produce  a  known  quantity  of  elec. 
tricity-^that  is,  which  should  charge  a  condenser  of  known 
capacity  to  a  given  potential  ?  Passing  from  electrical  machines  to 
galvanic  batteries,  we  pass  firom  instruments  whose  only  important 
uses  are  for  scientific  purposes  to  instruments  of  which  the 
practical  applications  are  far  more  widespread,  if  they  are  not 
intrinsically  of  greater  importance,  then  their  scientific  uses. 
Accordingly,  we  find  that  the  knowledge  which  we  possess  of  what 
a  galvanic  battery  can  do  is  far  more  definite  than  what  we  have  in 
relation  to  electrical  machines.  We  can  tell  not  only  how  much 
stronger  or  weaker  the  current  produced  by  one  battery  will  be 
than  that  produced  by  another  battery  in  a  circuit  of  equal 
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xesistance,  but,  when  the  resistance  is  given,  we  can  say  how 
strong  the  current  will  be  in  each  case, — ^how  much  silver  it  would 
deposit  in  an  houri  how  much  heat  it  would  evolve  in  a  given 
piece  of  platinum  wire,  or  what  would  be  the  strength  of  the 
magnetic  field  produced  when  it  traversed  a  coil  of  known  dimen. 
sions.  And  who  can  doubt  that,  if  the  practical  uses  of  the 
dectrical  machine  were  comparable  with  those  of  the  galvanic 
battery,  our  knowledge  of  its  efficiency  would  soon  be  equally 
d^nite? 

The  necessity  for  practical  purposes  of  having  numerical  data 
expressed  in  terms  of  generally  accepted  standards  has  exerted  a 
beneficial  influence  of  a  very  important  kind  on  the  progress  of 
more  than  one  branch  of  physics ;  but  as  our  business  here  is  with 
electricity,  we  need  not  go  beyond  the  bounds  of  this  science  in 
endeavouring  to  trace  such  effects.  The  progress  of  electrical 
science  within,  say,  the  last  thirty  years,  has  been  such  as  to 
amount  almost  to  a  transformation.  Multitudes  of  new  and 
important  facts  have  been  brought  to  light,  but  the  effect  due  to 
the  changed  point  of  view  from  which  the  old  facts  are  regarded 
has  been  greater  than  that  of  any  newly-discovered  phenomena. 
Matters  that  used  to  be  the  secrets  of  the  high-priests — not  because 
they  were  anxious  to  conceal  them,  but  because  they  found  no  one 
to  listen — ^are  known  to  the  multitude,  and  are  to  be  found  written 
in  every  tolerable  text-book.  The  introduction  of  methods  of 
absolute  measurement  has  rendered  possible  the  definite  applica- 
tion to  electrical  phenomena  of  the  doctrine  of  Energy,  whereby 
their  relations  to  each  other  and  to  other  physical  phenomena  have 
been  placed  in  altogether  a  new  light.  The  share  which  the 
practical  applications  of  electricity  have  had  in  accelerating  this 
development  of  the  mathematical  theory  of  the  science  is  so  con- 
siderable,  that  it  seems  fitting  to  consider  a  little  more  in  detail 
what  the  system  of  so-called  ''absolute*'  measurement  implies  in 
its  application  to  electricity,  and  to  note  some  of  the  most  important 
matters  connected  with  the  development  of  the  system. 

Strictly  speaking,  to  measure  a  thing  of  any  kind  is  to  ascer. 
tain  the  numerical  relation  between  it  and  some  magnitude  of  its 
own  kind  taken  as  a  standard  for  comparison.    In  so  far,  then,  as 
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absolute  means  that  wliich  is  aot  rdaiive^  it  is  a  ooatradiction  ia 
teriDB  to  talk  about  absolute^  measurements.  But  in  physicst 
words  are  not  always  used  in  exactly  the  same  sense  as  in  metar- 
physics,  and  any  physical  quantity  is  said  to  be  knowa  in  absolute 
measure  when  its  magnitude  can  be  expressed  without  reference  to 
any  other  standard  units  than  those  of  length,  time,  and  masa^ 
These  are  of  course  the  units  employed  in  dynamics  in  all  state- 
ments involving  the  numerical  values  of  forces  or  of  the  work  done 
by  them;  and  by  adopting  for  the  measurement  of  electrical 
magnitudes  methods  founded  upon  the  intensity  of  the  forces  to 
which  they  give  rise,  or  upon  the  amount  of  work  done,  mathe* 
matical  physicists  have  been  able  to  show  how  every  such 
magnitude  can  be  expressed  in  terms  of  the  dynamical  units.  It 
is  precisely  the  general  adoption  of  a  system  of  measurement 
founded  on  these  principles  that  constitutes  the  most  characteristiq 
distinction  between  the  electrical  science  of  the  present  and  that 
of  a  generation  ago ;  and  the  history  of  its  development  affords  a 
striking  example  of  the  manner  in  which  the  most  abstoM)t 
scientific  investigations  may  indirectly  render  services  of  the 
greatest  value  to  industrial  pursuits. 

Before  methods  of  measurement  can  be  devised,  it  is  evident 
that  clear  conceptions  must  be  formed  of  the  things  to  be  measured. 
Such  conceptions  usually  grow  up  by  degrees  in  many  minds  from 
indistinct  beginnings,  until,  in  some  one  mind,  they  take  definite 
shape  and  receive  the  precise  expression  which  makes  it  possible 
for  them  to  become  the  subject  of  mathematical  reasoning.  For 
the  first  great  step  of  this  kind  in  connection  with  the  subjects 
that  most  concern  us  here,  we  are  indebted  to  G.  S.  Ohm,  who  in 
his  memorable  work  on  the  Mathematical  Theory  of  the  Galvanic 
Circuit,  published  in  1826,  first  placed  in  a  clear  light  the  nature 
and  mutual  relations  of  the  magnitudes  we  now  speak  of  as 
electro-motive  force,  strength  of  current,  and  resistance.  But  the 
system  of  absolute  measurements  in  electricity  owes  its  origin  to 
the  celebrated  paper  published  by  Gaciss  in  1882, — Int&nsUas  vis 
magneticoB  terrestris  in  mensuram  ahaolutam  revocata, — in  which 
he  showed  how  the  intensity  of  the  earth's  magnetic  force  and  the 
magnetic  moments  of  artificial  magnets  could  be  measured  in 
absolute  units. 
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In  1840,  Weber  showed  that  this  was  all  that  was  required  in 
order  to  furnish  a  method  for  the  absolute  measurement  of  electric 
currents^  sinoe,  according  to  Oersted,  there  is  magnetic  force  in  the 
neighbourhood  of  a  current.  In  the  same  year  that  Oersted  made 
known  his  great  discovery,  Blot  and  Savart  made  a  series  of 
experiments  by  which  they  ascertained  how  the  direction  and 
intensity  of  the  force  exerted  by  a  current  upon  a  magnetic  pole 
varied  with  the  distance  and  direction  of  each  part  of  the  conductor 
relatively  to  the  pole.  Combining  these  results  with  those  of 
QausSy  Weber  defined  the  absolute  unit  of  current-streugth  in 
tenns  which  were  equivalent  to  saying  that,  when  a  current  is 
carried  once  round  the  circumference  of  a  circle  of  unit  radius^ 
the  numerical  value  of  the  strength  of  the  current  was  equal 
to  the  numerical  value  of  the  magnetic  force  produced  by  the 
current  at  the  centre  of  the  circle,  divided  by  the  number  of 
units  of  length  in  the  circumference  of  the  circle.  In  order  to 
carry  out  practically  the  measurement  of  currents  in  this  way, 
Weber  devised  the  instrument  which  is  still  in  most  cases  the  best 
and  most  convenient  for  the  purpose,  namely,  the  tangent 
galvanometer.* 

The  first  application  that  he  made  of  this  method  of  measure, 
ment  was  to  determine  the  value  of  the  so-called  "  electro-chemical 
equivalent  "  of  water,  that  is  to  say,  the  quantity  of  water  which 
is  decomposed  per  second  in  a  voltameter  by  a  current  of  unit 
strength.  The  result  obtained  may  be  stated  in  the  language 
of  modem  electricians,  by  saying  that  a  current  of  the  strength 
produced  when  an  electro-motive  force  of  1  volt  acts  in  a  circuit 
of  1  ohm  resistance  would  decompose  1  gramme  of  water  in  2  hou/ra^ 
57|  mvnutea.  The  special  importance  of  this  result  arises  from 
the^fact  that,  according  to  the  law  of  electrolysis  discovered  by 
Faraday,  the  quantity    of  electricity    needed    to  decompose  a 

•  As  a  matter  of  hlBtorical  accuracy,  it  should  be  mentioned  that  a  tangent 
galvanometer  bad  been  constructed  by  Pouillet  in  1887,  that  is,  three  years 
before  Weber's  instrument,  and  that,  earlier  still,  in  1624,  De  la  Bive  had 
constructed  a  sine-galvanometer.  But  as  neither  of  these  physicists  took 
account  of  the  absolute  value  of  the  earth's  magnetic  force,  their  measurements 
of  current  strength  were  only  comparative. 
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gramme  of  water  is  also  the  quantity  needed  to  decompoee  a 
chemically  equivalent  quantity  of  any  other  substance.  It  thus 
enables  us  to  calculate  the  quantity  of  material  consumed  in  each 
cell  of  a  battery  of  given  construction  when  it  maintains  a  current 
of  known  strength  for  a  known  time. 

Weber's  measurement  has  since  been  repeated  with  closely 
accordant  results  by  Joule,  Bunsen,  Casselman,  F.  Eohlrausch,  and 
others. 

In  1851,  Weber  pointed  out  that  a  knowledge  of  the  absolute 
intensity  of  the  earth's  magnetic  force  also  furnishes  a  basis  for  an 
absolute  method  of  measuring  electro-motive  forces;  since,  according 
to  the  laws  of  induced  currents  established  by  Faraday,  whenever 
a  conducting  circuit  is  displaced  in  a  magnetic  field,  an  electro, 
motive  force  acts  in  it,  the  magnitude  of  which  depends  only  on  the 
dimensions  and  motion  of  the  circuit,  and  on  the  strength  of  the 
magnetic  field.  It  is  evident  that  electro-motive  forces,  thus  stated 
in  terms  of  absolute  magnetic  intensity,  would  be  known  in  absolute 
measure,  for  the  dimensions  and  motion  of  the  couducting  circuit 
involve  only  the  units  of  length  and  time. 

In  Ohm's  theory  of  the  galvanic  circuit,  the  resistance  of  a 
conductor  appears  as  the  ratio  of  the  electro-motive  force,  acting  in 
it  to  the  strength  of  the  current  which  it  produces.  Accordiugly, 
absolute  units  of  current-strength  and  electro-motive  force,  derived 
from  electro-magnetic  effects  in  the  way  indicated,  having  been 
adopted,  the  definition  of  the  absolute  unit  of  resistance  followed  as 
a  natural  consequence — ^being  the  resistance  of  a  conductor  in  which 
the  unit  electro-motive  force  produces  the  unit  current.  Weber  had 
thus  established  theoretically  a  coherent  system  for  the  measure, 
ment  of  all  the  three  fundamental  constants  of  the  galvanic  circuit. 
Practically,  it  is  sufficient  that  we  should  have  direct  methods  of 
determining  only  two  of  these,  since  the  mutual  relations  of  any 
two  determine  the  third.  We  have  seen  how  Weber  in  1840  gave 
an  experimental  method  for  the  absolute  measurement  of  cur. 
rents,  and  in  1851  he  made  known  two  different  methods  which 
he  had  applied  for  the  absolute  measure  of  resistance.  The  results 
of  these  memorable  experiments  were  embodied  by  Weber  in  three 
standard  wires,  which  were  deposited  for  future  reference  in  the 
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Physical  Institute  of  the  TTniversity  of  Leipzig,  after  the  absolute 
resistance  of  each  had  been  determined.  These  resistances  were, 
approximately,  what  would  now  be  expressed  as  10,  5,  and  2*5 
ohms  respectively.  , 

The  importance  of  thus  establishing  a  system  of  measurement 
for  electrical  quantities  which  should  be  independent  of  the 
dimoDsion  or  construction  of  any  particular  instrument,  or  even  of 
the  special  properties  of  any  particular  substance,  was,  with 
characteristic  penetration,  immediately  recognised  by  Sir  William 
Thomson.  Sir  William  at  once  adopted  and  extended  Weber's 
system.  By  a  course  of  reasoning  which  consists  essentially  in 
equating  the  work  done,  when  an  induced  current  of  constant 
strength  is  maintained  by  the  motion  of  a  conductor  in  a  magnetic 
field,  with  the  expenditure  of  chemical  energy  needed  to  keep  up 
an  equal  current  in  the  same  circuit  by  means  of  a  galvanic  battery, 
he  showed  how  the  electro-motive  force  of  a  battery  may  be  calcu. 
lated  from  the  thermal  value  of  the  chemical  action  which  takes 
place  in  it  when  a  current  is  passing.  In  this  way,  employing 
experimental  data  supplied  respectively  by  Dr.  Joule  and  by 
Dr.  Andrews,  he  estimated  the  electro-motive  force  of  a  Daniell's 
cell  to  be  what  would  now  be  called 

1*074  volt  according  to  Joule's  numbers,  and 
1*101  volt  according  to  those  of  Andrews. 

These  results  were  arrived  at  from  consideration  of  the  energy  of 
ihe  current,  and  did  not  depend  on  measurements  either  of  current 
or  of  resistance  ;  it  is  therefore  interesting  to  compare  them  with 
those  derived  from  measurements  of  these  two  quantities.  The 
first  recorded  determination  of  the  latter  kind  is  due  to  Bosscha, 
who  in  1856  found  for  the  electro-motive  force  of  a  Darnell's  cell  a 
number  equivalent  to 

1026  volt. 

In  1868,  Yoa  Waltenhoven  obtained  a  value  equivalent  to 

1-094  volt 

Since  resistance-coils  of  known  absolute  value  have  been  in  the 
hands  of  every  electrician,  measurements  of  the  absolute  electro, 
motive  force  of  Daniell's,  Grove's,  and  various  other  batteries. 
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have  been  made  by  several  observers — ^notably  by  Professor  F. 
Eohlrausch  and  by  Mr.  Latimer  Clark. 

The  system  of  measures  of  which  I  have  been  speaking  was 
established  by  Weber  as  a  matter  of  purely  scientific  interest,  but 
the  development  of  electric  telegraphy  which  had  been  going  on 
meanwhile,  and  especially  the  extension  of  submarine  telegraphy, 
had  made  methods  of  accurate  electrical  measurement  matters  of 
great  practical  as  well  as  scientific  importance.  The  consequence 
was  that,  by  about  1860,  those  who  were  reponsible  for  the  proper 
fulfilment  of  the  electrical  conditions  essential  to  the  success  of  the 
great  enterprises  that  were  by  this  time  becoming  common,  not 
only  felt  the  necessity  of  having  exact  experimental  methods,  but 
also  in  many  cases  recognised  the  importance  of  being  able  to 
express  their  experimental  results  in  terms  of  a  coherent  system  of 
standard  units,  so  that  measurements  of  one  kind  could  be  compared 
with  measurements  of  related  quantities  without  the  introduction 
of  unnecessary  reducing  factors.  At  the  meeting  of  the  British 
Association  held  in  Manchester  in  I86I9  a  remarkable  paper,  in 
which  the  importance  of  these  considerations  was  forcibly  brought 
out,  was  read  before  the  Physical  Section  by  Sir  Charles  Bright 
and  Mr.  Latimer  Clark ;  and  at  the  same  meeting  the  following 
resolution  was  passed  by  the  Gteneral  Committee  :  **  That  Professor 
Williamson,  Professor  W.  Thomson,  Professor  Miller  (of  Cam- 
bridge),  Dr.  Matthiessen,  and  Mr,  F.  Jenkin  be  a  Committee  to 
report  upon  Standards  of  Electrical  Resistance ;  and  that  the  sum 
of  £50  be  placed  at  their  disposal  for  the  purpose."  This  was  ihe 
afterwards  well-known  Committee  on  Electrical  Standards,  which, 
with  various  additions  to  its  Ust  of  members,  continued  in  existence 
till  1870,  and  in  furtherance  of  whose  labours  sums  amounting 
altogether  to  £590  were  paid  by  the  Association.  I  need  scarcely 
remind  the  Society  that  it  is  to  this  Committee — ^and  especially  to 
three  of  its  members,  the  late  Professor  Clerk  Maxwell,  Professor 
Jenkin,  and  Mr.  Hockin — that  we  are  indebted  for  '*  the  ohm  "  as 
a  generally  accessible  standard  making  a  close  approach  to  the 
absolute  resistance  of 

10  million  metres  per  second. 

It  would  be  tedious  to  attempt  to  indicate  the  ways  in  which 
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both  the  difEosion  and  the  advancement  of  sound  knowledge  of 
electrical  science  have  been  promoted  by  the  multiplication  of  care- 
fally-adjusted  standards  of  known  absolute  resistance,  in  the  form 
of  resistance-coils  adjusted  either  by  reference  to  the  ohm  or  to 
Dr.  Werner  Siemens's  mercurial  standard.  It  may  suffice  to  say 
that,  while  providing  for  their  own  needs  by  the  construction  of 
graduated  series  of  resistance-coils,  practical  electricians  have 
placed  an  invaluable  instrument  of  research  in  the  hands  of 
scientific  men,  which  they  have  not  &iled  to  appreciate  and 
pn^i  by« 

From  an  experimental  point  of  view  standards  of  resistance 
are  of  greater  importance  than  electrical  standards  of  any  other 
kind,  on  account  of  the  great  number  of  methods  of  practical 
measurement  of  other  quantities  which  can  be  founded  upon  their 
use.  It  is  therefore  a  matter  for  much  satisfaction  that,  since  the 
introduction  of  the  ohm  as  a  standard  of  resistance,  several  investi. 
gations  should  have  been  made,  having  for  their  object  to  determine 
the  absolute  value  of  the  mercury-unit,  or  to  ascertain  how  nearly 
the  resistance  of  the  ohm  itself  agrees  with  its  intended  value  of 
ten  million  metres  per  second.  The  results  of  such  investigations 
hitherto  made  known  are  given  in  the  following  table : — 


Date. 

ObBerrer. 

ResiBtanoe  in . 

10^  Centimetres 

Beoond 

Ohm. 

Blemens's 
Uercnry  Unit. 

1870      

1878      

1876      •••    •»•    ••. 

XOli              m*»         •••          ••• 

F.  EohlraiiBch    ... 

Lorenz 

Eowland     

H.  P.  Weber 

1-0196 
•9797 
•9912 

1^002 

0-9717 
•9337 
•9446 
•9650 

In  this  comparison  1  ohm  is  taken  as  being  equal  to  l*0f(93 
mercuiy-unity  the  ratio  given  by  Hermann  Siemens  and  by 
Eohlrausch.  Kohlrausch,  Lorenz,  and  Weber  determined  directly 
the  value  of  the  mercury-unit,  and  the  values  assigned  to  the  ohm 
on  their  authority  are  calculated  by  the  ratio  just  given.  Rowland 
determined  the  absolute  value  of  copies  of  the  ohm.  With  regard 
to  the  experimental  methods  by  which  these  numbers  were 
obtained,  it  may  be  noted  that,  with  the  exception  of  one  out  of 
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three  different  methods  employed  by  Weber,  they  all  depended  in 
one  way  or  another  upon  the  production  of  induced  currents.  The 
exceptional  method  depended  on  the  determination  of  the  rate  at 
which  heat  was  evolved  in  a  conductor  traversed  by  a  current  of 
known  strength,  a  method  that  had  been  employed  by  v.  Quintus- 
Icilius  in  1857,  and  by  Joule  in  1867,  for  the  determination  of  the 
mechanical  equivalent  of  heat.  Lorenz's  method  calls  for  a 
moment's  remark  on  account  of  its  being  the  only  one  of  the 
induction  methods  in  which  a  steady  current  was  employed,  and 
from  the  great  simplicity  of  the  theoretical  principle  involved. 
Resistance  in  absolute  electro-magnetic  measure  is  represented, 
just  as  velocity  is,  by  the  ratio  of  a  length  to  a  time,  and  in  Lorenz*8 
method  the  only  measures  which  enter  into  the  final  result  are 
certain  linear  dimensions  and  the  time  of  rotation  of  a  copper  disc. 
It  will  be  seen  that  his  results  differ  from  those  of  other  observers 
to  a  relatively  large  extent,  and  it  is  understood  that  they  were 
given  by  him  rather  for  the  sake  of  establishing  the  practicability 
of  his  method  than  as  laying  claim  to  a  very  high  degree  of 
accuracy. 

But  even  leaving  Lorenz's  numbers  out  of  account  altogether, 
a  comparison  of  the  remainder  shows  that  the  real  resistance  of 
our  practical  standards  of  resistance  is  not  yet  known  with  all  the 
certainty  that  is  desirable.  Happily  we  may  hope  before  long  to 
have  further  evidence  on  the  subject.  Dr.  Schuster  having,  I 
understand,  been  engaged  for  some  time  past  at  the  Cavendish 
Laboratory,  Cambridge,  in  redetermining  the  value  of  the  ohm 
with  the  original  instruments  of  the  British  Association  Committee, 
under  the  superintendence  of  Lord  Bayleigh.  A  revived  Electrical 
Standards  Committee  was  also  appointed  by  the  British  Association 
at  its  late  meeting  at  Swansea,  and  one  of  the  duties  of  this  Com. 
mittee  will  be  to  make  another  determination  with  independent 
apparatus  and  by  a  somewhat  different  method. 

From  time  to  time  doubts  have  been  expressed  as  to  what 
evidence  there  is  that  any  coil  now  in  existence  represents 
accurately  the  resistance  of  the  ohm  as  fixed  by  the  original 
Committee.  As  a  precaution  against  the  effects  of  a  possible 
secular  change  in  the  specific  resistance  of  wires,  the  Committee 
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embodied  their  results  in  a  number  of  coils  of  di£ferent  materials^ 
it  being  reasonably  assumed  that  any  serious  change  of  the  kind 
mentioned  would  reveal  itself  by  affecting  the  different  metals 
unequally.  These  coils,  which  were  originally  deposited  in  the 
Eew  Observatory,  and  latterly  in  the  Cavendish  Laboratory,  were 
compared  together  by  Mr.  Hockin  in  1867,  with  the  general  result 
that  there  was  no  certain  indication  of  change  in  any  of  the  wires.  In 
1876  seven  of  the  same  coils  were  re-examined  by  Professor  Chrystal, 
whose  results  generally  confirm  those  of  Mr.  Hockin,  except  as  to  a 
wire  made  of  platinum-silver  alloy,  the  resistance  of  which  seemed 
to  have  slightly  gone  down.  Again,  during  the  last  two  years. 
Dr.  J.  A.  Fleming,  of  St  John's  College,  Cambridge,  has  been 
engaged  in  a  very  careful  study  of  the  temperature-coefficients  of 
the  same  seven  coils,  and  he  tells  me  that  five  of  them  agree  very 
closely  indeed  at  the  temperatures  marked  by  the  Committee, 
while  the  other  two  (one  of  them  being  the  coil  which  Professor 
Chrystal  had  previously  found  to  disagree  with  the  others)  differ 
somewhat  from  the  rest,  but  that  they  "  all  are  well  within  a  -nAnr 
of  an  ohm  of  each  other." 

Of  scarcely  less  importance,  both  scientifically  and  practically, 
than  accurate  standards  of  measurement,  are  exact  methods  of 
comparison.  I  do  not  propose  to  occupy  your  time  by  discussing 
details  of  any  such  methods,  but  there  are  two  which  have  proved 
to  be  capable  of  such  very  various  applications,  and  which  illustrate 
so  well  the  point  I  have  had  in  view  all  through  my  address, 
namely,  the  mutually  beneficial  influence  exerted  on  each  other 
by  pure  and  applied  science,  that  I  venture  to  refer  to  them.  I 
mean  Wheatstone's  bridge  and  Poggendorff*s  method  of  comparing 
electro-motive  forces.  Without  making  any  attempt  to  point  out 
nearly  all  the  applications  of  either  of  these  methods,  I  may 
mention  some  of  those  which  are  perhaps  of  greatest  interest  to 
practical  electricians.  Let  us  begin  with  the  Wheatstone's  bridge. 
Of  the  four  resistances,  replace  two  that  are  connected  with  the  same 
pole  of  the  battery,  by  two  condensersi  and  we  have  Mr.  De  Saut/s 
arrangement  for  comparing  inductive  capacities ;  replace  by  con- 
densers two  resistanoes  connected  with  the  same  galvanometer, 
terminal,  and  we  have  an  arrangement  for  the  comparison  of 
▼OL.  X.  2 
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indaotive  capacities  communicated  to  this  Socieiy  by  Sir  William 
Thcmson  {Jour.  Telegr.  Eng.,  Vol.  I.,  p.  397, 1872);  replace  all 
four  resistances  bj  condensers,  and  we  have  another  arrangemenft  of 
Sir  William  Thomson's  for  the  same  purpose.  Another  modification 
gi^es  us  a  method  doFisedL  by  Mr«  Mance  for  the  measurement  of 
battery-resistances.  Lastly,  if  tm>  resistances  conneeted  with  the 
same  battery.tenmnal  are  replaced,  one  by  a  tdegraph  cable,  and 
the  other  by  an  equivalent  .artificial  line,  wehaTC  a  practicallj 
successful  method  of  duplex.telegraphy. 

Poggendorfif 's  method  of  comparing  eledzo^motive  forces  has  noi 
given  rise  to  so  great  a  variety  of  applications,  but  the  principle 
is  of  constant  utility  in  experimental  work.  By  slight  modificab 
tions  it  yields  two  distinct  methods  of  measuring  battery  reost. 
anoes;*  and  as  improved  by  Mr.  Latimer  Clark  it  became  the 
'^  potentiometer,''  and,  as  Mr.  Clark  has  shown,  in  combination  with 
a  standard  cell  o£  known  electro^motive  force,  it  ^yee  a  method  of 
determining  the  strength  of  currents  in  absolute  measure  which  is 
probably  much  more  accurate  than  the  use  of  an  ordinaiy  tangent- 
galvanometer. 

There  is  a  very  important  service  of  a  different  kind  from  any 
that  I  have  spoken  of  as  yet^  which  has  been  rendered  to  scienoe 
by  practical  electricians.  I  have  dwelt  at,  I  fear,  tedious  length 
on  the  scientific  value,  of  an  absolute  system  of  measures,  and  upon 
the  way  in  which  tb^  adoption  of  such  a  system  m  oooneoti^i  with 
eleiDtacity  has  been  hastened  by  ti^ie  requirements  of  practical  dec- 
tricians.  I  have  not^  however^  mentioned  one  circumstance  that  has 
greatly  facilitated  the  inAroduetion  of  the  system.  I  mean  the  selec- 
tion by  Sir  Charles  Bright  and  Mr.  Clark  of  decimal  multiples  of  the 
primary  units  of  sueh  values,  as  are  convenient  £or  practical  use, 
an4:the  9endang  of  eadi  ^  thetnout  into  the  w^ld  with  a  simple 
wellrchosen  najute,  sueh  as  chm^  vdU,  or  farad.  It  is  certain  that 
the  practical  unit  of  resistance  would  have  had  long  te.wait  &r  the 
h(«iOurable  recognition  it  now  enjoys  if  it  had  had  no  handier 
name  than  "  ten  million  melxes  per  second."    It  is  said  that 

•  Ode  of  these  described  by  Mr.  Mance  in  1S71  {Proe,  Boy,  8oe.,  xix.,  252, 
1871)' bad  been  pabliahed  four  years  earlier  by  M.  Baynaad  {Cotngpt.  rmcL, 
1XT.,17(0. 
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literary  men  never  invent  a  genuine  nev  Ei^lish  word— they  can 
only  borrow  one  ready  made  from  Qre^  or  Latin.  It  is  the 
people  who  find  themselves  actually  doiog  and  working  with  new 
things  who  are  able  to  invent  new  English  words  like  tram  and 
9kwBiU  In  science  the  constant  growth  of  ideas  causes  a  constantly- 
recurring  need  for  enlarged  powers  of  expression.  To  supply  this 
need  in  one  direction.  Professor  Everett  introduced,  7  or  8  years 
ago,  those  useful  words  dyne  and  erg^  which  seem  now  to  have 
taken  firm  root,  but  they  would  hardly  have  come  into  existence 
had  it  not  been  for  the  encouraging  example  of  the  ohm  and  volt. 

Let  me  end  with  a  practical  suggestion,  which  is  perhaps  all  the 
more  likely  to  be  acceptable  because  it  is  not  altogether  original. 
From  time  to  time  one  hears  complaints  of  the  want  of  agreement 
between  the  ''resistance  boxes''  issued  by  different  makers,  or 
eveiki  that  those  issued  by  the  same  makers  are  not  consistent  with 
each  other.  Such  irregularities,  if  they  exist  to  any  considerable 
extccnt,  are  of  course  a  very  serious  evil,  but  at  present  there  is  no 
recognised  and  accessible  authority  to  appeal  to  in  such  a  case. 
It  has  even  been  suggested  that  the  uniformity  of  electrical 
standards  is  of  sufficient  importance  to  the  community  for  them  to 
be  taken  cognizance  of  by  the  Qovemment  Standards  Department. 
But  this,  however  desirable  eventually,  can  hardly  be  asked  for 
until  scientific  men  are  more  closely  agreed  than  they  are  at 
present  as  to  what  the  absolute  value  of  the  standards  ought  to 
be.  In  the  meantime,  there  is  no  body  in  the  kingdom  which 
could  so  suitably  take  the  supervision  of  this  matter  as  the  Society 
of  Telegraph  Engineers  and  of  Electricians.  Might  not  an  arrauge. 
ment  be  made — something  on  the  model  of  the  system  followed  at 
the  Kew  Observatory  for  the  testing  of  meteorological  instruments — 
whereby  any  one  who  wished  it  might  have  his  resistance-coils 
compared  with  some  one  standard,  and  might  receive  a  certificate 
under  the  authority  of  this  Society,  stating,  with  sufficient  accuracy 
for  practical  purposes^  their  errors  as  referred  to  this  standard? 
Whether  the  organisation  required  for  this  purpose  would  be 
praeticable,  I  cannot  say,  but  it  seems  to  me  that  the  plan  is  at 
least  worthy  of  consideration. 
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Mr.  E.  Graves  :  I  think  that  the  Society  has  good  cauBe  to 
congratulate  itself  on  the  fact  that  the  diversity  of  Presidents 
who  have  occupied  our  chair  have  treated  us  to  addresses  founded 
on  almost  every  conceivable  branch  of  knowledge  to  which  their 
attention  could  be  directed,  and  that  no  President  has  trodden  in 
the  steps  of  a  predecessor  and  reproduced  anything  bearing  on  the 
sa^me  ideas.  We  have  listened  to  many  eloquent  and  interesting 
addresses,  and  I  am  sure  you  will  all  agree  with  me  that  the 
worthy  President  who  now  occupies  the  chair  for  the  first  time — 
and  who,  I  am  sure,  all  will  heartily  welcome  among  us — ^has 
given  U3  an  address  inferior  to  none  that  we  have  hitherto  heard. 
It  is  Dot  easy,  by  simply  listening  to  an  address  read  for  the  first 
timei  to  immediately  fit  oneself  to  attempt  to  characterise  it.  It 
strikes  me,  however,  as  possessing  several  features  of  special  im- 
portance— as  being  a  resuTne  of  those  successive  scientific  discoveries 
(to  u&G  his  own  words)  *'  of  a  qualitative  "  character  that  have 
aided  in  the  practical  development  of  applied  science,  and  it  has 
shown  ua  how  the  labours  of  the  closet  and  the  laboratory  have 
conduced  to  the  commercial  success  of  apparatus  of  all  kinds  used 
at  tbe  present  day.  It  has  shown  us  how  the  practical  use  of  the 
principles  originally  discovered  in  the  closet  have  enabled  some 
conclusions  of  the  discoverers  to  be  corrected,  and  it  has  shown 
us  also  the  great  necessity  for  exact  calculation,  so  that,  given  a 
certain  electrical  arrangement,  the  result  can  be  predicated  as  exactly 
as  a  naval  architect  by  the  use  of  certain  measurements,  dimensions, 
and  laws  can  predicate  the  stability  or  speed  of  a  vessel.  From  the 
very  multifarious  nature  of  the  topics  dealt  with  by  Professor 
Foster,  it  is  impossible  to  form  more  than  a  very  imperfect  idea  of 
the  value  of  the  paper  we  have  listened  to ;  but  I  am  perfectly 
certain  that  it  will  be  a  most  important  subject  for  study  when  we 
have  t1 10  opportunity  of  reading  it ;  and  I  am  sure  you  will  all 
join  with  me  in  the  resolution  I  have  to  propose,  viz.,  ''  That  the 
best  thanks  of  the  Society  are  due  to  the  President  for  the  able 
and  lucid  address  just  delivered  by  him,  and  that,  with  his  per. 
mission,  the  same  be  printed  and  published  in  the  Journal  of  the 
Society." 
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Professor  D.  E.  HuOHES  seconded  the  resolution,  and  said  he 
was  sure  that  every  one  present  would  heartily  approve. 

Besolution  carried  unanimously. 

Professor  FOSTEB :  I  have  to  thank  Mr.  Graves  and  Professor 
Hughes  most  cordially  for  the  very  kind  manner  in  which  they 
have  proposed  and  seconded  the  vote  of  thanks,  and  the  members 
present  for  the  way  in  which  they  have  received  it,  as  well  as  for 
the  indulgence  with  which  they  listened  to  my  address. 


SOME  EXPERIMENTS  ON  INDUCTION  WITH  THE 
TELEPHONE. 

By  A.  W.  Hbavisidb,  Member. 

During  December,  1880,  whilst  making  some  experiments  on 
induction,  in  which  the  telephone  was  used  as  a  current  detector, 
I  experienced  much  trouble  at  first  from  foreign  induction.  The 
experiments  were  made  in  a  room  where  there  were  many 
batteries  and  wires  leading  to  the  instrument  room,  and  line  wires 
from  the  instrument  room  to  the  street  pipes. 

The  difficulty  that  presented  itself  was  how  to  distinguish  what 
was  general  from  the  particular  induction  being  experimented 
upon,  and  in  endeavouring  to  separate  and  find  the  value  of  each 
I  was  led  to  make  the  following  experiments : — 

The  accompanying  plan  shows  the  disposition  of  the  basement 
rooms  in  which  the  experiments  were  conducted. 

1.  In  the  position  shown  in  the  plan  (Fig.  I),  it  was  found  that, 
if  about  18  feet  of  G.P.  wire  (18  copper-covered  to  No.  7)  was 
opened  out  and  suspended  by  means  of  loops  of  gutta  percha  strip 
at  the  three  points  A,  B,  C,  and  the  extremities  connected  to  the 
primary  of  the  small  induction  coil  of  a  Crossley's  transmitter,  a 
Bell  telephone  being  in  circuit  with  the  secondary  coil  of  the  same, 
induction  from  the  neighbouring  batteries  and  wires  was  plainly 
heard,  so  plainly  that  Morse  signals  by  hand  could  be  heard 
sufficiently  loud  at  times  to  be  read,  whilst  automatic  transmitter 
signalling  could  also  be  heard. 
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Upon  closing  np  the  Q.P.  wire,  as  shown  bj  the  dotted  lines, 
the  sounds  ceased. 


2.  The  telephone  was  now  joined  up  minus  the  induction  coil, 
and  the  sounds  were  diminished  to  about  one-third  the  loudnesa; 

To  prove  that  the  sounds  were  not  due  to  leakage  at  the  points 
of  suspension  (for  I  had  previously  found  surface  leakage  to 
produce  disturbing  effects),  an  electroscope  was  put  in  contact 
with  the  G.P.  wire  and  was  not  discharged. 

3.  Following  the  example  of  Professor  Hughes,  who  has  made 
thia  field  of  study  particularly  his  own  (March  12, 1879),  a  light 
frame  for  the  support  of  the  wire  was  now  made,  two  pieces  of 
lath  tied  together  in  the  middle  so  as  to  form  a  cross,  each  piece 
6  feet  long,  and  the  G.P.  wire  was  fastened  to  it  as  here  shown, 
thus  making  a  very  portable  coil. 

Fig.  8. 
Thxee^oziii  wIzm  olose  together. 


The  induction  coil  was  used  as  in  experiment  Nor  1.    On 
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caziymg  this  indi^ction  corseitt  detecter  about  the  bsftteiy  rqpm, 
ttie.echa  of  what  was^gping  on  in  t^e  instrument  room  w%8:{||afllyi 
heard. 

The  indnctioDr  coil  was  now,  fc»:  eonvem^ce,  dkcarded  (i^L 
Uiough  this  somewhat  reduced  the  sounds),  and  the  t^phone  was 
joined  direct  to  the  wire  on  the  frame.  Witk  this  arrangemept, 
on  pla^sing  one  side  p{  ijt^  «lJiw^  ;8gf^in*  Jmy  set;  ^of.  t^twies,  if 
die  batteries  were  in  use  two  kinds  of  founds  were  •tjistingudshable^. 
one  the  general  mductiQn  of  the  neighbouring  wires  and  batteries; 
the  other  the  particular  induction  of  the  battery  parallel  with 
which  the  frame  (^  wires  was  I^eld.  In  the  latter  ,ca^  all  the 
messages  passing  could,  be  distinctly  read. 

4.  Upon  taking  the  frame  andplacingit  parallel  with  the  trough 
containing  the  line  wires  entering  the  building,  the  general  induc- 
tion was  very  distinct,  and  the  theoretical  laws  of  induction  were 
well  illustrated,  a  neutral  position  always  being  found  when  two 
sides  of  the  wire  frame  were  equidistant  from  the  centre  of  the 


Fio.  4. 


Ais  YtMw. 


trough ;  at  i^  intermediate  poidtions  the  sounds  Tatyin^  with  the 
angle  in  which  the  frame  was  held. 
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The  loudest  sounds  were  heard  when  the  experimental  coil  was 
so  held  that  the  trough  and  the  coil  were  in  the  same  plane,  and 
turning  the  frame  round  to  any  other  position  always  caused  a 
diminution  in  the  sounds.  The  neutral  position  in  which  all  sounds 
ceased  was  when  two  sides  of  the  frame  were  equidistant  from  the 
trough  and  parallel  to  it. 

These  experiments  were  varied  in  many  ways,  with  results  all 
coofimatory  of  those  described,  and  then  a  new  fact  presented  itself, 
for  I  found  that  the  induction  produced  sounds  in  the  telephone 
when  disoonnected. 

5.  The  wire  suspended  by  Q.P.  loops  at  A,  B,  C  was  con. 
nected  with  a  contact  breaker  giving  100  reversals  per  second, 


and  a  battery  of  sufficient  power  to  produce  a  current  of  the 
strength  of  2  Webers.  On  taking  a  disconnected  telephone 
anywhere  within  15  feet  of  the  wires  A,  B,  C,  the  reversals  could  be 
detected ;  on  approaching  the  wire  they  became  very  loud,  and 
when  a  turn  of  wire  was  taken  round  the  neck  of  the  telephone  the 
sounds  could  be  readily  heard  without  placing  the  telephone  to  the 
ear.  Of  course,  when  the  telephone  was  placed  anywhere  within 
the  space  bounded  by  A,  B,  and  C,  the  sounds  were  very  loud. 
6.  This  experiment  also  very  beautifully  illustrated  the  laws 
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of  inductdon,  inasmuch  as  if  the  telephone  was  placed  as  in 
position  1,  loud  sounds  were  heard ; 

2,  louder  sounds ; 

3,  no  sounds  whatever ; 

4,  ditto. 

Fzo.  6. 
1. 


8. 


On  taking  a  disconnected  telephone  and  coiling  one  turn  of  any 
battery  connection  round  it,  if  the  battery  was  in  use  all  that  was 
passing  could  be  heard,  and  the  messages  read  if  sent  by  hand. 

7.  I  next  found,  if  the  terminals  of  the  telephone  were  connected 
together,  and  a  conductive  closed  path  were  thus  offered  for  the 
induced  currents,  that,  instead  of  obtaining  louder  sounds,  the 
Bounds  were  amazingly  reduced — smothered,  in  fact. 

This  tact  enabled  me  in  the  experiments  I  was  conducting  to 
distinguish  when  I  heard  sounds  whether  the  currents  I  was 
endeavouring  to  detect  existed ,  or  whether  the  sounds  arose  from 
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indoctioni  from  the  primny  or  snrroimdmg  batteries ;  for  if  there 
was  any  uncertainty,  by  xemoying  one  of  the  connectioiis,  the 
sound  either  disappeared  entirely  or  increased  In  loudness. 

In  the  former  case  tiie  sounds  must  have  arisen  from  induction 
acting  on  the  wires  in  connection  with  the  telephone ;  in  the  latter, 
from  direct  induction  on  the  telephone  itself,  proved  by  the 
increase  in  loudness  on  disconnecting  it. 

The  only  case  of  induction  on  a  disconnected  telephone  pro« 
dudng  sounds  with  which  I  became  acquainted,  through  looking  up 
the  subject  after  making  these  experiments,  was  the  published 
observations  of  Mr.  Stroh,  idio  found  that  a  powerfrd  magnet 
moved  close  to  a  disconnected  tele|dione  caused  it  to  emit  hbxt 
sounds.  Mr.  Stroh  has,  however,  since  informed  me  that  Professor 
Hughes  has  observed  that  a  disconnected  telephone  is  sounded 
by  the  making  and  breakii^  contact  of  an  induction  coil  at  work 
in  its  neighbourhood,  and  that  he  (Mr.  Stroh)  has  verified  this 
experiment,  and  finds  the  sound  audible  in  an  adjoining  room. 

Why  the  sounds  are  so  much  louder  when  the  telephone  is 
disconnected  than  when  it  is  short-circuited  may  perhaps  be  thus 
ezplamed.  We  have  a  primary  wire  in  which  a  current  is  made 
and  interrupted,  and  a  secondary  wire  (the  telephone  coil)  in 
which  the  makes  and  breaks  of  the  current  in  the  primary  induce 
electro-motive  forces.  When  the  secondary  is  closed,  the  induced 
current  due  to  the  establishment  of  the  primary  current  is  a 
continuous  wave,  rising  to  a  maximum  and  falling  to  nothing 
again.  But  when  the  coU  is  disconnected,  a  continuous  current 
cannot  flow,  and  the  induced  current  is  oscillatory.  Its  magnitude 
is,  of  course,  immensely  less  than  in  the  former  case,  but  its  osoilla- 
tory  character  renders  it  more,  suitable  for  producing  sounds. 

Mr.  0.  Heaviside  informs  me  that  the  period  of  the  induced 
oscillatory  current  in  a  secondary  wire  (where  the  terminals  are 
connected  to  a  condenser  of  small  capacity)  due  to  the  estabUdi- 
ment  of  a  current  in  a  primary  is  represented  by  the  following 
formula:'*- 


''V^(j^) 


wbfire  e  is  the  capacity  of  the  c(mdeDB«r,  Li  the  ooefBdent  of  self. 
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incbolicm  of  the  primary^  L^  that  oi  the  secondary,  and  H  tiieir 
ooeffioient  of  mutual  induction ;  the  frequency  being  thus  inversely 
proportional  to  the  square  root  of  the  capacity  of  the  condenser. 
The  disconnected  telephone  may  to  a  first  apiNX>ximation  be 
regarded  as  connected  to  a  condenser  of  small  capacity. 

AddiHonf  Jtmua/ry  25t&,  1881. 

The  feUowing  e]q>eriments  have  reference  principally  to  the 
effect  produced  by  connecting  condensers  to  the  disconnected 
telephone. 

The  sounds  in  a  disconnected  telephone  produced  by  making 
and  breaking  a  primary  circuit  containing  a  battery  are^  as  might 
be  expected,  considerably  increased  by,  instead  of  a  single  turn, 
making  the  primary  make  several  turns  round  the  tekphfme. 

Winding  four  feet  of  the  primary  into  a  flat  coil,  and  laying  it 
flat  upon  the  mouthpiece  of  the  disconnected  telephone,  gave  the 
sam^  result. 

Equally  loud  sounds  were  obtained  by  wrapping  four  feet  of 
the  primary  round  the  neck  of  the  telephone  close  to  the  coil,  and 
in  all  cases  the  sounds  were  much  dulled  by  short-circuiting  the 
telephone. 

The  efifoct  of  electrostatic  capacity  is  curious.  A  single  turn 
of  the  primary  being  taken  round  the  neck  of  the  disconnected 
telephone,  and  condensers  of  different  capacities  being  attached 
thereto,  I  found  in  the  first  place  that  a  capacity  of  about  tAfjf 
microfarad  made  no  perceptible  difference,  ditto  with  ^  micro. 
£arad. 

With  a  capacity  of  from  ^  to  i  of  a  microfarad,  the  sharpness  of 
the  sounds  was  increased,  but  further  addition  to  the  capacity 
produced  diminution,  which  continued  until  with  29  to  30  micm- 
£uads  the  sounds  were  the  same  as  with  the  telephone  short- 
oiiouited.  On  gradually  taking  out  capacity,  the  sounds  increased 
until  the  normal  sound  of  the  disconnected  telephone  returned; 
and  I  again  found  that  a  capacity  of  from  ^^  to  ^  micro&rad  increased 
instead  of  diminishing  the  sharpness  of  the  sounds. 

Next,  with  resistance  coils  connecting  the  terminals  of  the  tele- 
phone instead  of  condensers,  I  found  that  the  insertion  of  10,000 
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ohms  gave  nearly  the  same  sounds  as  disconnection,  while  smaller 
resistances  diminished  the  sounds,  which  became  gradually 
smothered  as  the  resistance  was  reduced.  These  coils  were,  of 
course,  double  wound.  An  electro-magnet  instead  quite  altered 
the  character  of  the  sotmds  by  its  self-induction,  producing,  in  fact, 
a  similar  effect  to  what  is  to  be  observed  in  the  Qower-Bell 
telephone.  In  receiving  with  that  instrument,  the  secondary  of 
an  induction  coil  is  in  circuit,  but  there  is  an  immediate  improve- 
ment  both  in  loudness  and  distinctness  if  the  secondary  coU  be 
short-circuited. 

Professor  D.  E.  Hughbs  :  I  have  listened  with  a  great  deal  of 
interest  to  Mr.  Heaviside's  paper,  and  I  must  say  that  I  have 
myself  observed  many  of  the  effects  mentioned,  and  can  vouch  to 
their  accuracy.  The  reason  why  the  effect  was  greater  in  one  ex. 
periment  than  another  was  because  a  quantity  wire  was  used. 
When  an  intensity  wire  was  substituted  for  a  quantity  wire,  the 
induction  became  stronger.  The  employment  of  a  square  coil 
allows  us  to  observe  the  effect  upon  that  portion  of  the  coil  nearest 
to  the  supposed  cause  of  induction,  and  the  larger  the  square  coil 
used  the  less  neutralising  effects  we  perceive  from  the  opposing 
side  of  coil.  The  diagrams  used  by  Mr.  Heaviside  illustrate  this. 
The  same  effect  takes  place  in  the  induction  balance.  If  a  piece 
of  iron  be  exactly  in  the  centre,  no  effect  is  produced,  but  the 
slightest  deviation  will  cause  a  positive  or  negative  induced 
current. 

The  paper  deserves  great  credit  and  thanks. 

Mr.  A.  Stboh  :  As  Mr.  Heaviside  mentioned  in  his  paper  an 
experiment  made  by  me  some  time  ago  (described  in  the  Tele^ 
graphic  JownuU^  15th  Jan.,  1879),  I  should  like  to  say  a  few 
words  respecting  it.  It  is  a  fact  that,  if  a  powerful  magnet  is  made 
to  approach  a  telephone  while  the  latter  is  applied  to  the  ear, 
sounds  are  heard  which  resemble  the  breathing  of  a  person  or 
child.  That  is  entirely  a  magnetic  effect,  which  I  have  endeavoured 
to  investigate  further.  The  following  diagram  illustrates  the 
experiment :— 
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It  practically  consists  of  a  thin  iron  diaphragm,  A,  and  a  wooden 
crossbar,  B,  supporting  a  bent  rod  of  soft  iron,  C.  When  a  strong 
horseshoe  magnet,  D,  is  brought  into  the  position  shown,  the 
diaphragm.  A,  and  the  rod,  C,  become  magnetised,  but  with 
opposite  polarity,  and  attraction  takes  place  at  E.  If  now  the 
magnet,  D,  is  caused  to  move  gently  to  and  fro  in  the  direction  of 
the  arrows,  the  diaphragm.  A,  will  make  corresponding  movements, 
approaching  and  receding  from  the  iron  rod,  C.  During  each  of 
these  movements  the  sounds  I  have  mentioned  can  be  heard.  It 
further  appears  that  the  quality  of  the  sound  during  the  approach 
of  the  magnet,  D,  is  slightly  different  to  that  produced  by  a  move, 
ment  in  the  opposite  direction. 

Mr.  Alex.  J.  S.  Adams:  Whilst  discussing  the  subject  of 
induction  in  relation  to  the  telephone,  permit  me  to  mention  the 
result  of  some  experiments  made  upon  the  effect  of  circulating 
currents  upon  iron.  It  is  well  known  that  if  a  piece  of  iron  be 
presented  to  the  end  of  a  hollow  coil,  the  passage  of  a  current 
through  the  coil  tends  to  draw  the  iron  into  it,  and  to  hold  the  iron 
within  the  coil  until  the  current  ceases.  This  effect  is  apparently 
one  of  magnetic  attraction.  If,  however,  a  straight  piece  of  iron 
wire  be  balanced  along  the  centre  of  a  hollow  helix,  and  is  free  to 
move,  at  (he  moment  of  completing  or  of  breaking  the  circuit 
the  iron  wire  is  drawn  from  its  central  position  towards  the  inner 
wall  of  the  coil — in  fact,  to  that  part  of  the  wall  to  which  it  may 
be'nearest.  This  effect  is  but  Tnomentary,  for  the  wire  immedi. 
aiely  returns  to  its  original  position.  This  laterod  attraction  on 
the  part  of  the  coil  is  beautifully  shown  if  fine  iron  filings  be 
caused  to  occupy  a  central  position  along  the  inside  of  the  coil| 
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for  the  filings  will  at  the  moment  of  completing  or  breaking  the 
circuit  jump  and  start  towards  the  inner  wall  of  the  coil,  although 
owing  apparently  to  want  of  weight,  and  to  the  shortness  of  the 
interval  during  which  the  effect  takes  place,  they  do  not  materially 
change  their  original  position.  It  would  seem  that  this  lateral 
effect  is  purely  one  of  induction,  and  the  result  of  the  experiment 
may  interest  the  author  of  the  paper  just  read. 

Professor  Hughes  :  I  will  just  say  with  regard  to  Mr.  Stroh's 
experiment  that  I  have  repeated  it  myself,  and  would  reconmiend 
every  one  possessing  a  telephone  to  repeat  it  also.  I  have  tried  to 
investigate  the  cause  of  the  sound  produced,  but  my  place ,  is  too 
noisy  to  admit  of  sufficient  stillness  to  trace  it,  though  it  is 
evidently  due  to  the  magnetisation  in  the  telephone  not  being 
contiguous.  If  it  were  we  should  not  have  ''breathing."  The 
experiment  is  a  most  beautiful  one,  and  will  in  my  opinion  lead  to 
something  greater  if  properly  investigated. 

Professor  Aybtok  :  I  am  not  quite  clear  whether  Mr.  Heaviside 
in  his  paper  gave  us  one  reason  why  he  heard  better  when  the 
telephone  circuit  was  open  than  when  it  was.  closed*  Does  not 
the  primary  battery  current  act  directly  on  the  magnet  of  the 
telephone  and  not  on  the  coil  ?  Of  course,  we  hear  the  telephony 
simply  because  there,  is  a  change  in  the  magnetism  of  the  bar 
magnet,  which  causes  motion  of  the  diaphragm.  We  know  that 
in  an  ordinary .  Bhumkoff  coil  the  main  object  of  the  primary 
current  is  not  to  act  directly  on  the  secondary  coil,  but  by  its 
intermittence  to  produce  changes  in  the  magnetism  of  the  bundle 
of  iron  wires  which  produce  the  currents  in  the  secondary  coil. ' 
If  we  consider  that  we  have  a  primary  wire  through  which  there 
is  axL  intermittent  current  produced  by  a  battery  flowing,  we 
should  have  changes  produced  in  the  magnetism  of  the  bar,  which 
would  produce  corresponding  actions  of  the  telephone,  and  so 
sound  would  result.  The  same,  to  a  certain  extent,  would  happen 
if  the  circuit  were  open.  But  if  a  closed  circuit  were  used,  two 
inductions  would  have  to  be  considered,  viz.,  the  direct  induction 
of  the  primary  current  (when  it  is  altered  in  intensity)  on  the 
magnet,  and  the  induction  of  the  primary  current  on  the  closed 
secondary  current,  which  itself  again  acts  on  the  magnet.    When 
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a  correni  flows  along  the  primary  coil  it  tends^  say,  to  increase 
tkc  m«gii0tism  in  one  omI  of  a  magnet,  but  that  cnimnt  would 
iikbifiei  ID  the  oi^xmte  direction,  a  current  in  the  secondary  coil, 
and  that  eurient  would  teod  to  <timiTn>T^  the  magnetism  of  ihe 
loagnet:  thi^t  is,  the  two  effects  would  tend  to  neutralise  one 
another,  and  consequently  there  would  be  less  chai^  in  the 
magnetism  of  the  bar,  and  theref  (ure  less  motion  of  the  diaphragm 
than  there  w<mld  be  if  the  coil  of  the  telephone  were  open  or 
leoaoTed  altogether.  If  this  be  correct,  then  the  best  effects  ought 
to  be  obtained  if  there  were  no  coil  in  the  telephone  at  all ;  not 
80  good,  if  an  open  coil  be  used ;  and^  lastly,  the  worst  effects  with 
a  closed  coil. 

I  n;iention  this,,  as  it  does  not  appear  to  me  that  Mr.  Heaviside 
has  pointed  it  out  in  his  paper. 

ProfesscMT  HUGHSBS :  Excuse  my  rising  again,  but  I  wish  to  say 
that  I  can  corroborate  the  remarks  'PtoieBaot  Ayrton  has  just  made. 
I  have  tried  the  experiments,  and  he  is  quite  right  in  stating  that 
the  offsets  are  far  greater  without  the  coil.  I  use,  in  fact,  myself 
a  telephone  without  a  coil  to  test  my  batteries ;  and  it  is  a  fact 
(which  I  published  in  the  Oomptea  Eevdus  in  Paris  last  year) 
that  with  a  diaphragm  and  magnet  placed  at  one  ear  and  a  coil  at 
the  other  ear,  all  that  is  passing  in  the  coil  will  be  heaardfrom  the 
diaphragm ;  the  head,  as  it  were,  acting  as  a  transmitter. 

The  FSBSIPENT  (Professor  Fobtbb)  ;  I  think  theie  can  be  no 
doubt  that  Professor  Ayrton  has  given  'us  the  correct  explanation 
d  the  effect  of  dosing  the  circuit.  Ilie  direct  action  of  the 
primary  current  upon  the  coil  of  the  telephone  must  be  extremely 
small ;  it  can  only  be  due  to  the  difference  of  distance  between 
the  two  edges  of  the  coil,  one  bemg  nearer  to  the  primary  than  the 
other.  The  efibcts  of  the  primary  circuit  on  the  iron  of  the 
magnet  must  evidently  be  much  greater  than  its  direct  effect  upcm 
the  coil.  I  should  like  to  ask  Mr.  Stroh  a  question  about  the 
experiment  he  has  mentioned  to  us.  I  did  not  at  first  s%ht  see 
why  the  bit  of  soft  iron  wire  should  be  bent  on  one  side,  but  I 
presume  th&t  thiit  is  in  order  that  the  force  of  the  magnet  should 
not  act  directly  upon  the  diaphragm  1  Also  as  to  the  precise  way 
in  which  the  experiment  is  made^  whether  the  magnet  is  held  in 
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the  hand  when  it  is  brought  near,  because  this  ^^  breathing  sound  " 
means  that  the  disc  must  be  making  minute  vibrations  during  all 
the  time  the  sound  lasts.  I  should  think  it  is  almost  impossible 
(even  though  we  think  we  are  holding  it  steady)  to  prevent  small 
movements  in  the  hand  which  would  cause  one  pole  to  be  con. 
tinually  approaching  or  receding.  Holding  the  magnet  in  the 
hand  must  cause  a  slight  trembling,  but  that  explanation  would 
go  for  nothing  if,  when  the  magnet  is  held  artificially  steady,  the 
sounds  are  still  perceived  equally  well.  Let  me  ask  how  far  any- 
thing of  this  kind  is  po^ible  towards  explanation  ? 

Mr.  Stboh  :  I  think  I  can  satisfactorily  answer  Professor 
Foster's  questions  if  I  may  refer  once  more  to  the  diagram.  The 
first  time  I  tried  the  experiment  I  used  an  ordinary  Bell 
telephone  with  a  straight  bar,  and  found  that,  on  coming  near  a 
strong  magnet,  almost  any  movement  produced  the  breathing 
sound ;  but  the  arrangement  I  have  described  to-night  with  the 
bent  iron  bar  or  rod  gives  the  best  effect.  By  this  arrangement 
tiie  magnet,  D,  can  be  brought  easily  into  such  a  position  as  to 
induce  magnetism  in  the  diaphragm  and  the  iron  rod  at  the  same 
time.  The  experiment  is  performed  by  simply  moving  the 
magnet  to  and  fro  with  one  hand  near  the  instrument,  which  is 
held  to  the  ear  by  the  other  hand.  Respecting  the  suggestion 
that  the  sounds  may  be  caused  by  an  unsteady  hand  in  moving  the 
magnet,  I  will  say  that  I  think  it  quite  impossible,  with  a  horse, 
shoe  magnet  weighing  about  two  pounds,  to  produce  movements 
quick  enough  so  as  to  cause  sound.  Any  one  who  may  repeat  the 
experiment  will  at  once  perceive  that  the  effect  is  not  due  to  un- 
steady  movements  of  the  magnet. 

As  to  the  origin  of  these  sounds,  it  seems  to  me  that  the  dia. 
phragm,  when  drawn  towards  or  receding  from  the  iron  rod,  does  not 
perform  these  movements  with  smoothness,  but  by  numerous 
minute  and  irregular  jerks.  But  whether  the  gradual  increase  and 
decrease  of  magnetism  in  the  iron  rod  and  diaphragm  takes  place 
in  jerks  or  step  by  step,  or  whether  it  be  in  the  nature  of  an  iron 
diaphragm  to  yield  to  a  gradually  changing  force  by  minute  jerks, 
I  have  not  been  able  to  ascertain.  Certain  it  seems  that,  if  the 
diaphragm  moved  smoothly  and  gradually,  no  sounds  would  be  the 
result. 
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A  vote  of  thanks  was  then  accorded  to  Mr.  Heaviside,  and  the 
President  announced  that  the  ballot  for  new  Members  and 
Associates  was  opened. 

The  following  gentlemen  were  elected 

As  Foreign  Members : 

S.  Lauritzen. 


Paul  BayoL 

Dr.  Mathues  Nogueira  Branddo. 

Gavino  R  Cueli. 

F.  I.  C.  M.  Hoist. 

N.  Ispolatofif. 

F.  Kolvig. 


C.  A.  Mailer. 
E.  B.  Petersen. 
N.  Pissarewsky. 
Olegario  V.  Ugarte. 


Ernest  Buller. 

William  Belville. 
George  Menzies  Clements. 
William  D.  Gooch. 
Frederick  Edward  Hesse. 


As  Members : 

I         A.  Ainslie  Common. 

As  Associates : 

Jameb  Huggins. 
Alfred  Bichard  Sennett. 
Henry  Taylor. 


VOU  1. 


34  EABTH  OUBBENTS.  [Feb.  lOib^ 

The  Ninety-fifth  Ordinary  General  Meeting  of  the  Society  was 
held  on  Thursday  eyening,  February  lOth,  1881,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster— Professor  G.  C.  Fostbb,  F.R.S.,  President,  in 
the  Chair. 
Tho  Segbetaby  read  the  Minutes  of  the  last  Meeting,  which 

were  confirmed,  and  the  names  of  new  candidates  were  announced, 

after  which  the  following  paper  was  read  :— 

EARTH  CURRENTS. 
(Seocmd  Paper.) 

By  Alexandeb  J.  S.  Adams,  Associate. 

In  bringing  the  subject  of  earth  currents  under  your  notice 
this  evening,  I  would,  in  the  first  place,  incidentally  refer  to  my 
previous  paper  upon  the  same  subject ;  and,  in  the  second  place, 
lay  before  you  some  important  data  with  reference  to  the  so-called 
''  diurnal  '*  variation,  submitting  also  an  analysis  of  the  results  of 
my  own  investigations  regarding  that  particular  phase,  together 
with  deductions  and  inferences  that,  to  my  mind,  appear  to  be  the 
logical  outcome  of  the  analysis. 

In  my  previous  paper  it  was  asserted  that  the  normcd  earth 
current  was  clearly  distinguishable  from  the  temporary,  stronger^ 
and  more  variable  currents  that  break  in  upon  it,  and  which  I 
have  called  '*  Electric  Storms,'*  and  that  whilst  the  former 
appeared  to  be  obedient  to  some  general  law,  the  latter  was  evan- 
escent and  exceptional.  In  the  light  of  jnore  recent  experiences, 
and  because  of  the  extreme  complexity  of  the  subject,  I  would 
again  ask  y6ur  recognition  of  that  distinction. 

Moreover,  in  that  paper  the  absolute  value  of  the  electro.motive 
force  of  the  normal  earth  current  passing  over  a  wire  running 
parallel  to  the  line  of  greatest  force  was  stated  rarely  to  exceed  a 
strength  equal  to  five  Daniell  cells  per  150  miles ;  but^  £rom  a  care- 
ful daily  record  extending  over  the  past  two  years,  it  appears  that 
the  usual  strength  of  the  earth  current  at  the  maximum  of  its 
ordinary  variation  rarely  exceeds  the  one-tenth  of  a  milliweber. 
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In  the  present  paper  I  propose  to  confine  myself  to  the  normal 
Gorr^its  only ;  and  before  proceeding  to  examine  the  actual  results 
of  my  investigations,  I  would  ask  your  permission  to  state  some  of 
the  reasonings,  based  upon  the  recorded  impressions  and  results 
of  fifteen  yean^  labour,  which  have  led  up  to,  and  guided  me  in 
my  conclusions. 

I  regard  the  globe  we  inhabit  as  essentially  an  electrified  sphere, 
its  electricity  being  liable  to  disturbance  both  from  within  and 
firom  without ;  whilst  the  known  fact  that  the  electrical  disturbance 
of  a  sphere  is  calculated  to  increase,  as  it  were,  its  electricity  upon 
ihe  sides  perpendicular  to  the  disturbing  force — as,  in  fact,  the 
tides  act  in  reference  to  the  moon — is  equally  referable  to  disturb, 
ances  of  the  normal  electrical  condition  of  our  globe. 

At  first  sight,  following  up  this  idea,  it  appeared  that  the 
probable  cause  of  electrical  disturbance  as  regards  our  globe  was 
the  sun,  but  investigation  showed  that  the  mean  direction  of  the 
normal  earth  current,  as  given  upon  the  chart  famished  with  my 
last  paper,  in  no  way  coincided  with  the  lines  of  solar  influence, 
whilst  the  daily  maxima  and  minima  of  current  were  indefinite, 
the  variations  of  one  day  rarely  agreeing  with  those  of  another, 
and  the  mean  of  one  series  of  days  often  disagreeing  with  the  means 
of  other  series :  indeed  the  evidence  was  altogether  against  a  theory 
oi  solar  causation  for  these  normal  earth  currents. 

To  elucidate  the  question  more  thoroughly,  I  commenced  in 
1878  an  analysis  of  the  observation  figures  furnished  by  Mr.  James 
Graves  (member  of  the  Soc.  Tel.  Engineers)  in  1873,  with  a  result, 
so  far  as  the  analysis  was  carried,  that  the  cause  was  evidenced 
as  being  distinctly  hinar^  and  the  variations  lunar-dmrnal.  The 
curves  of  these  figures,  however,  appeared  to  be  much  interfered 
with  by  cable  fault-currents  of  polarisation,  and  other  local 
currents,  so  that  I  availed  myself  of  an  opportunity  which  offered 
in  March  and  April,  1879,  for  prosecuting  a  further  systematic 
course  of  observation,  and  those  observations  were,  by  means  of  a 
wire,  the  ends  of  which  were  connected  to  the  earth,  one  at  Cardiff 
and  the  other  through  a  sensitive  astatic  galvanometer  at  London, 
and  wiih  the  kind  assistance  of  confreres  and  telegraphists*  obtained 
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every  quarter  of  an  hour  from  March  28th  to  April  26th,  with  fe 
exceptions,   and  the  curves  of  the  figures  so  obtained  are  as 
remarkable  for  their  regularity  as  for  the  clearness  with  which 
they  indicate  the  luna/r  origin  of  the  variations  they  represent. 

Plate  1  represents  consecutive  days  from  the  1st  to  the  2l8t  ol 
April,  inclusive,  each  day  being  divided  by  thin  perpendiculai  J,!\  ' 
lines  into  hours  coinciding  with  Greenwich  mean  time.  The  thiclrj^"^ 
horizontal  lines  marked  — • —  represent  lines  of  no  current,  aifcLJI 
distances  above  and  below  which,  thin  horizontal  lines  are  drawn  ,| 
representing  degrees  of  current  in  milliwebers ;  for  the  miJliwebet  jT 
value  of  each  degree  of  galvanometer  scale  being  previously  known;-^-^ 
the  value  of  any  earth-current  deflection  was  at  once  obtained 
without  further  calculation.  The  dotted  curve  repreeents  the 
moon's  phases  for  the  dates  given  upon  the  diagram,  {.«.,  her  times 
of  southing  for  London,  and  of  London's  arrival  at  the  nadir  imd 
nodes  of  her  orbit;  whilst  the  thick  curve  represents  the  earth  __^_ 
current  variations  observed  during  the  same  interval.  |      | 

Plate  1,  therefore,  is  a  comparison  between  the  moon's  phaseiiP^ 
and  the  earth-current  variations  from  the  1st  to  the  21st  April^  pU 
1879,  and  it  will  be  seen  how  very  nearly  they  coincide.  I  would  I, 
here  suggest  that  the  importance  of  the  fact  that  the  normal  earth-  ^^ 
current  variations  of  our  globe  are  almost  wholly  controlled  by  th&|T|yrp 
moon,  can  hardly  be  over-estimated  ;  because,  whilst  the  MAGNETia^ 
variations  at  di£ferent  localities  are  more  or  less  complicated,  and 
are  influenced  apparently  by  more  than  one  disturbing  power  (I 
shall  later  on  endeavour  to  show  why  from  the  nature  of  things  ii 
should  be  so),  the  consideration  of  the  earth's  ELECTBICAL  disturl>' 
ance  is  litted  from  mere  particulars  or  accidents  to  more  general 
principles.  A  due  apprehension  of  this  assumption  :  that  ^  1 1 1  j 
VMHm's  vnjluence  w,  in  proportion,  felt  by  the  earth's  electricity/  af-^^|4 
every  part  of  the  earth's  surface,  is  necessary  for  the  proper  appre,  ,^^J] 
elation  of  the  deductions  which  will  hereafter  be  submitted. 

There  is,  however,  a  deeper  meaning  in  the  lunar-diurnal  curYef"^ 
than  would  at  first  sight  appear^  and  we  will  analyse  that  of  one 
lunar  day  by  the  aid  of  Plate  2. 

Of  course  our  lunar  day  is  the  mean  result  of  the  motions  ol 
the  earth  and  moon,  although  from  the  surface  of  the  former  thi 
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moon  appears  to  travel  round  the  earth  once  in  about  24  hours ; 
but  to  enable  us  to  comprehend  more  easily  the  signification  of  the 
lunar-diumal  curve,  let  us  take  it  for  granted  that,  whilst  the  moon 
for  the  time  being  is  stationary,  the  earth,  by  her  rotation,  presents 
Greenwich  during  the  lunar  day  successively  to  all  parts  of  the 
lunar  orbit.  Following  Greenwich  in  her  day's  journey,  we  find 
ourselves  at  starting  directly  opposite  the  moon,  and,  at  the  same 
time,  in  a  position  of  maximum  inductive  influence  or  point  of 
strongest  current,  as  at  +  M  (Fig.  1,  Plate  2). 

Circling  onwards,  Greenwich,  in  about  three  hours,  reaches  an 
electrical  zero  or  point  of  least  current ;  and  three  hours  later  still, 
when  opposite  the  descending  node,  DN  (Fig.  1,  Plate  2),  a  second 
Tiummum,— ED,  but  of  different  Tdiidy  is  experienced.  Another 
three  hours,  and  a  second  zero  is  passed,  and  again  three  hours 
brings  Greenwich  opposite  the  moon's  nadir,  and  also  to  a  maximum 
similar  vn  sign  to  the  firsts  +  m  (Fig.  1,  Plate  2). 

Precisely  similar  features  obtain  for  the  other  half  of  the  lunar 
day,  and  the  result  of  this  analysis  as  regards  the  current  phases  of 
one  lunar  day  is  equally  true  of  any  other  lunar  day  in  the  year. 

If,  then,  these  earth-current  phases  obtain  for  Greenwich,  why 
not  for  all  other  points  upon  the  same  meridian  ?  I  take  it  as 
altogether  illogical  to  suppose  that  such  current  phases  obtain  ONLY 
upon  that  portion  of  the  meridian  at  which  Greenwich  happens  to 
be  situated.  May  we  not  rather  conclude  that  for  a  given  time,  a 
similar  development  of  the  earth-current  obtains  throughout? 
And  if  this  be  so,  and  I  take  it  to  be,  it  simply  means  that  in  pass, 
ing  the  lateral  maxima,— ED,— EA  (Fig  1,  Plate  2),  Greenwich 
cuts  through  a  riTig  or  belt  of  maximum  electrical  effect  that 
encircles  the  earth  mid-way  between  those  points  of  the  globe 
which  are  respectively  opposite  the  moon  and  the  moon's  nadir. 
This  circle  of  maximum  electric  effect  is  illustrated  at  Plate  3. 

But  there  are  the  four  zeros  for  consideration,  because  each  of 
the  four  maxima  of  a  lunar  day  is  divided  from  the  others  by  them, 
as  shown  upon  Plates  1,  2,  and  3.  A  careful  examination  of  the 
facts  will  hardly  Ml  to  convince  us  that  here  also  we  have  zones  or 
belts  of  zero  extending  round  the  globe,  one  upon  either  side  of  the 
elecbrie^rcle^  and  dividing  it  fiom  the  electric  maxima  of  the 
opposite  kind,  as  at  ZD,  ZA,  and  zd^  za  (Plate  3). 
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This  curious  development  of  the  earth's  electricity  into  poles 
+  M  +  m  and  circle  ED,  EA  (Plate  3),  bj  the  moon's  influence, 
is  most  interesting,  and  a  knowledge  of  the  fact  can  hardly  fail  to 
be  of  importance. 

Before  proceeding  to  discuss  the  apparent  motions  of  the 
earth's  electricity,  it  will  be  conyenient  to  state  the  designations 
by  which,  in  my  investigations,  I  distinguish  the  different  phases  of 
the  earth  current,  and  by  which  they  will  hereafter  be  reoognised 
in  my  communications. 

First.  An  imaginary  line  drawn  between  the  two  maxima  that 
always  obtain  upon  the  sides  of  the  earth  that  are  perpendicular 
to  the  moon,  M  m  (Plates  2  and  3),  I  have  termed  the  eUctrie 
perpendicular^  of  which  the  maximum  nea/reet  the  moon  is  the 
major y  and  iiiAtfa/rtheat  from  the  moon  is  the  minor  pole. 

Second.  In  like  manner,  the  circle  of  maximnm  already 
alluded  to  is  the  eleclriC''Circle^  of  which  the  right  half,  looking 
towards  the  moon,  is  the  aacendarU^  and  left  half  is  the  descendant 
semieirole. 

Third.  The  points  north  and  south  at  which  these  semicircles 
meet  constitute  the  poles  of  the  lunar^dAwrnal  electric  axis. 

Fourth.  The  zones  of  no  current  that  divide  the  electric-cirde 
from  the  electric-poles  are  respectively  the  major  zero^cirde 
nearest  the  moon,  ZA,  ZD,  and  the  minor  sero^rcle  farthest 
from  the  moon,  za^  zd  (Plate  3). 

Fifth.  The  whole  of  the  electric  distribution  thus  arranged  by 
the  moon  follows  that  orb  in  her  course,  and  revolves  about  the 
Innar-diumal  axis:  this  rotation  of  the  system  I  have  termed 
Vum^vr-difu/rnal  circulation. 

Sixth.  An  imaginary  line  drawn  round  the  earth  at  right 
angles  to  the  plane  of  the  moon's  orbit,  and  cutting  the  poles  of 
the  lunar.diumal  axis,  and  the  mi^or  and  minor  poles  of  the 
electric  perpendicular,  is  the  electric  meridian,  constituting  a 
convenient  basis  for  earth-current  phase  calculation. 

According  to  the  hypothetical  arrangement  of  the  earth's 
electricity  already  cited,  if  the  moon's  age  be  given  with  an 
allowance  for  retardation,  to  which  I  shall  presently  refer,  the 
electric  curve  which  should  be  forthcoming  at  a  given  time  for 
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ly  given  spot  upon  the  earth's  surface  should  admit  of  accurate 
URf^  )rediction— a  conclusioQ  warranted  by  the  results  of  one  or  two 
f  S  £  ixperimental  trials  that  have  been  made. 

The  reixvrdaiicm  to  which  I  have  alluded  is  a  peculiarity 
dearly  indicated  by  the  variation  curves,  aa  campcvred  ivUh  luna/r 
Htm  (as  at  Plate  1)>  and  is  a  lagging  of  the  electric  curve  some 
Kmrs  in  rear  of  the  moon :  thus,  Greenwich  for  instance,  appears 
M>  strike  the  major  pole  three  or  f<5ifr  hours  after  the  moon's 
)recise  time  of  southing  for  that  meridian,  and  so  also  as  regards 
M  the  other  electric  phases.  At  first  it  would  seem  that  this 
retardation  was  due  in  some  way  to  the  sun,  but  upon  consideration 
it  will  become  evident  that,  if  that  were  the  casOj  the  retarding 
^£fect  would  itself  be  subjected  to  a  regular  variation  in  sympathy 
ferith  the  relative  positions  of  the  sun  and  moon,  whereby,  when  the 
lolar  and  lunar  lines  of  force  were  parallel,  as  at  the  times  of  full 
md  new  moon,  the  retarding  influence  would  be  minimised,  if  not 
|uite  annulled,  whilst  when  those  lines  of  force  were  transverse,  as 
kt  the  times  of  first  and  last  quarters  of  the  moon,  the  retardation 
ihould  be  maximised ;  but  the  result  of  a  series  of  observations 
Kiade  especially  to  settle  this  question  conclusively  shows  that  the 
phenomenon  of  earth-current  retardation  is  not  directly  due  to  solar 
ifluence.  The  indications  to  this  effect  are  sufficiently  clear  upon 
Plate  1. 

Another  feature  noticeable  about  the  lunar-diumal  variation 

B  an  apparent  enlargement  and  contraction  of  the  major  pole  curve 

n  sympathy  with  the  height  of  the  moon  above  the  horizon.    This 

)eculiarity  is  ill  defined  however,  and  not  easily  traced;  but 

[vantage  was  taken  of  that  most  beautiful  of  our  moons,  the 

rvest  moon^  in  September  last,  to  investigate  the  matter,  the 

It  of  which  is  given  at  Hate  5,  where  are  represented  the 

,rth-current  curves  for  the  lunar  day  during  full  moon  in  March, 

;tr(/tf  |i^ben  the  moon's  altitude  was  not  great,  and  those  for  the  full 

lOon  in  September,  when  that  orb  reached  her  greatest  altitude ; 

and  it  will  be  seen  that,  whilst  the  March  pole  and  circle  curves 

are  nearly  equal,  there  is  an  extraordinary  enlargement  of  the 

major-pole  curve^  at  the  expense  of  the  others,  in  September. 

There  is  also  an  indication  that  a  similar  expansion  arises  in 
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connection  with  the  age  of  the  moon  generally ;  but  this  feature, 
together  with  some  others,  is  still  under  inyestigation. 

We  now  come  to  the  consideration  of  the  apparent  direction  of 
the  normal  earth-current  flow,  as  obtained  by  observation.  The 
di/rection^  and  flow  of  the  earth  current  have  not,  so  &r  as  I  am 
aware,  been  yet  satisfactorily  accounted  for.  If  the  mean  direction 
of  the  earth  current,  namely,  a  line  running  nearly  N.E.  and 
S.W.,  be  compared  with  the  plane  of  the  earth's  rotation,  or  with 
the  solar  or  lunar  lines  of  forcOi  the  greatest  variance  is  discernible, 
(see  Plate  4).  It  is,  however,  not  a  little  remarkable  that  if  we 
conceive  the  earth-current  electromotive  forces  to  revolve  about 
the  eUctric-perpendieular^  as  an  axis,  in  a  contrczr^  direction  to 
the  earth's  rotation,  and  take  the  mean  of  the  two  (kk,  Plate  4) 
we  obtain  a  line  of  directive  influence  for  the  earth  current, 
agreeing  with  that  derived  by  observation*  Indeed,  as  we  shall 
presently  see,  the  evidences  are  strongly  in  favour  of  this  circulation 
of  the  electric  distribution  about  the  perpendicular,  and  I  have 
termed  this  presumed  motion  terrestrial  circulation,  the  electric, 
perpendicular  constituting  the  terrestrial  a/xis  (Plate  4). 

One  of  the  most  important  results  of  these  investigations  is  the 
agreement  apparent  between  the  earth-current  and  the  Tnagnetio 
lunar-diurnal  variations.  Walkeri*  in  his  essay,  says :  **  The  moon 
produces  a  srrujM^  though  sensible  variation  in  each  of  the  three 
magnetic  elements— declination,  inclination,  and  intensity. 

<<  In  the  case  of  each  of  the  elements  we  find  a  double  pro- 
gression  in  each  lunar  day. 

*'  The  declination  has  two  easterly  and  two  westerly  maxima,  and 
the  inclination  and  total  force  have  likewise  two  maxima  and  two 
TniTiimii.  in  the  same  interval,  the  variation  in  each  case  passing 
zero  four  times  during  the  lunar  day." 

Here  we  have  an  interesting  and  important  fact  taken  in  con- 
nection with  the  study  of  earth  currents,  the  magnetic  lunar- 
diurnal  curves  forming  an  exact  counterpart  to  our  lunar-diurnal 
current  variation  (Plate  6). 

*  <*  Terre«trial  and  Cosmical  Magnetism,**  by  Edward  Walker.  DeighUm, 
Bell,  &  Cay,  Cambridge. 

t  The  underlining  is  mj  own. 
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From  a  careful  examination  of  the  two  phenomena  in  all  their 
bearings,  giving  due  prominence  to  the  fact  that, .  whereas  the 
distribution  of  electricity  on  the  earth's  surface  is  almost  wholly 
controlled  by  the  moon,  the  variations  of  which  are  strongly  de. 
▼eloped,  whilst  the  magnetic  lunar  variations  are  slight  compared 
with  other  variations  of  the  magnetic  needle,  the  question  suggests 
itself,  may  not  the  magnetic  lunar-diurnal  variation  be  immediately 
consequent  upon  a  variation  of  the  distribution  of  the  earth's 
electricity,  in  that  the  earth  current  acts  the  part  of  medium 
whereby  the  moon's  power  is  transmitted  to  the  needle?  and, 
moreover,  does  a  similar  retardation  obtain  in  the  magnetic,  as  in 
the  current  lunar  variations?  Unfortunately  I  have  no  data 
regarding  the  latter  question,  but  the  fact  of  lunar.diumal  magnetic 
variations  may  assist  us  in  our  further  consideration  of  the  earth 
current. 

It  will  be  obvious  that  if  earth  currents  take  the  form  illus- 
trated at  Plate  3,  namely,  of  poles  and  circles,  the  electric-circle 
and  the  zero-circles  would  cross  the  earth's  lines  of  longitude  at 
an  angle  of  about  18  degrees,  so  that  the  most  southerly  point  of 
any  line  of  longitude  will  first  come  under  the  influence  of  any 
given  current  phase ;  the  more  northerly  points  afterwards  coming 
successively  under  it  at  a  rate  of  progression  approximately  2*4  - 
minutes  for  each  degree  northwards.  From  this  ratio  the  time  at 
which  a  given  lunar-current  phase  would  reach  any  point  west  of^ 
say,  Greenwich,  after  leaving  that  place,  should  be  deducible,  and 
observations  taken  at  different  points  upon  the  same  line  of  longi- 
tude  would  doubtless  show  this  to  be  the  case ;  indeed,  the  data 
extant  as  regards  the  magnetic  lunar.diumal  progression  would 
appear  to  be  conclusive  evidence  upon  this  point. 

Upon  Plate  6  are  given  curves,  reduced  from  a  table  of 
magnetic  mean  lunar.diumal  variations  in  declination,  for  six 
stations,  as  computed  by  General  Sabine,*  and  from  these  curves 
we  find  that  the  deflections  of  the  needle  are  precisely  those  that 
would  presumably  occur  under  the  electrical  conditions  already 
advanced.      Exactly  similar   magnetic    lunar.diumal  variations 

•  •*  St.  Helena  ObaervatioM,''  Vol.  II. 
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obtain  in  eiUier  hemisphere,  and  in  all  latitudes,  although  there 
appears  to  be  a  decided  though  regular  variation  in  regard  to  time, 
as  compared  with  position  upon  the  globe's  surface.  For  example, 
upon  comparing  the  Toronto  and  Pekin  magnetic  curves  (Plate  6), 
we  find  that  the  same  variation  or  phase  appears  to  reach  Toronto 
from  Pekin  in  about  eleven  and  a  half  hours,  and  that  when  one 
westerly  deflection  of  the  needle  (answering  to  one  pole  of  the 
electric  perpendicular)  occurs  at  Toronto,  another  westerly  deflect 
tion  (answering  to  the  other  electric  pole)  obtains  at  Pekin,  and  ' 
this  we  should  expect  to  be  the  case,  seeing  that  within  a  few 
degrees  the  oao  place  is  the  antipode  of  the  other. 

Similarly  we  find  from  these  magnetic  curves  a  lapse  of  about 
eight  hours  between  the  Cape  and  Kew,  as  regards  the  time  at 
which  a  given  deflection  obtains,  and  which,  when  it  is  remembered 
that  this  comparison  is  between  a  calculation,  upon  the  one  hand, 
and  the  mean  of  a  number  of  observations  extending  over  a  period 
of  two  years,  upon  the  other,  is  sufficiently  near  a  calculated  lapse 
of  five  hours  for  our  purpose. 

From  the  evidence  I  have  here  sought  to  lay  before  you,  it  will 
doubtless  appear  to  be  established  that  the  motions  of  the  true 
earth  current  constitute  a  series  of  tidal  ebb  and  flow  very  similar 
to  that  of  the  waters  of  our  globe  ;  the  chief  difference  being  that, 
whereas  in  the  case  of  the  ocean  there  occur  two  flows  and  ebbs  in 
each  lunar  day,  with  the  earth's  electricity  there  are  four — a 
dissimilarity,  however,  that  may  yet  prove  to  be  more  apparent 
than  real. 

But  a  comprehensive  consideration  of  earth.current  phenomena 
opens  out  a  much  wider  sphere  of  investigation  than  that  simply 
embracing  variations  of  strength :  it  has  to  recognise  directive 
i/nfinencef  which,  applied  to  electricity,  means  the  production  of 
magnetism. 

Permit  me,  then,  briefly  to  point  out  the  electric  circulating 
systems  that  appear  to  obtain  by  reason  of  these  three  motions, 
the  earth's  diurnal  rotation^  the  lunar  current  cvrcxdation^  and 
the  t&rrestrial  current  circulation — causes  which  result  in  the 
apparently  disconnected  variations  observable  in  the  movements 
of  the  magnetic  needle. 
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Andy  first,  we  have  the  earth  revolving  about  her  axis,  and 
carrying  with  her  her  latent,  i.e.,  undisturbed  electricity^  at  a 
mte  of  some  1,400  miles  per  hour.  Now,  it  is  reasonable  to  con- 
dude  that  such  motion  develops  a  strong  magnetic  effect  at  the 
earth's  axial  poles,  the  precise  polarity  of  which  is  easily  deducible 
firom  the  known  law  relating  to  electric  spirals.  This  develop- 
ment of  aooial  magnetism  is  illustrated  at  Fig.  1,  Plate  7. 

In  the  second  place,  we  have  the  earth's  disturbed  electriciiy 
streaming  round  the  lunar-diurnal  electric  axis  with  the  moon,  and 
h  completing  a  revolution  once  in  each  lunar  month.  Here,  again,  it 
is  obvious  that  farther  magnetic  effects  are  produced  at  the  poles  of 
the  lunar.diumal  current  axis,  the  polarity  of  which  will  be  con* 
trary  to  that  of  the  axial.  This  lunar^diumal  magnetism  is 
represented  at  Fig.  2,  Plate  7. 

Thirdly,  we  have  the  apparent  circulation  of  the  earth's 
electricity  about  the  electric  perpendicular,  and  a  consequent 
development  of  magnetism  at  the  electric  poles,  the  polarity  of 
which  is  similar  to  the  axial  as  regards  position.  This  terrestrial 
magnetiem  is  illustrated  at  Fig.  3,  Plate  7,  and,  curiously  enough, 
in  its  lunar  rotation  along  the  plane '  of  the  moon's  orbit,  is 
precisely  what  is  required  to  account  for  the  magnetic  lunar- 
diurnal  variations. 

Fourthly,  it  will  be  observed  from  Figures  1  and  3,  Plate  7, 
that  the  respective  planes  of  the  earth's  motion,  and  of  the 
terrestrial  current  circulation  differ  to  the  extent  of  about  70 
degrees,  and  hence  there  would  be  a  magnetic  development  at 
right  angles  to  a  plane  which  would  be  the  mean  of  the  two, 
as  illustrated  at  Fig.  4,  Plate  7. 

Thus  it  appears  that  there  are  at  least  four  pairs  of  magnetic 
poles  at  the  surface  of  our  globe,  resulting  from  earth-current 
eiiculati<Hi,  each  and  all  in  degree  exerting  an  influence  upon  the 
magnetic  needle. 

The  PrbsidsnT:  I  need  scarcely  say  anything  by.  way  of 
calling  attention  to  the  many  points  of  importance  and  interest  in 
Mr.  Adams'  paper.  No  doubt  it  will  give  rise  to  a  considerable 
and  interesting  discussion.     There  are  many  gentlemen  present 
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who  have  paid  great  attention  to  the  question  of  earth  currents, 
and  magnetic  variation,  which  is  so  intimately  connected  with  it, 
so  that  we  have  a  good  prospect  of  our  knowledge  on  the  subject 
being  considerably  increased  at  this  meeting. 

Professor  W.  Gbylls  Adams,  F.B.S. :  I  have  read  with  great 
pleasure  the  author*s  first  paper  on  **  Earth  Currents,"  which  was 
communicated  to  the  Society  some  three  years  ago,  and  he  has 
followed  it  up  by  a  paper  which  we  have  just  heard,  and  which 
raises  points  of  very  great  interest  and  importance.  Mr.  Adams 
has  said  that  our  knowledge  of  the  subject  is  very  meagre,  but  he 
seems  to  have  thoroughly  discussed  such  evidence  as  we  possess, 
and  therefore  may  presumably  be  assumed  to  be  correct  in  his 
conclusions  as  to  the  main  facts,  which  seem  to  show  that  there  are 
regular  diurnal  earth  currents  to  and  fro  over  its  surface,  and  that 
the  general  direction  of  these  regular  currents  in  England  is  from 
about  S.W.  to  N.E.,  and  that  they  are  dependent  upon  something 
which  is  directly  governed  by  the  motion  of  the  moon.  These 
earth  currents  are  those  regular  daily  currents  of  small  amount 
which  ebb  and  flow  like  tides,  and  the  author  attributes  them 
to  lunar  action  through  the  agency  of  positive  and  negative 
electric  charges  on  the  earth,  the  distribution  of  those  charges 
following  the  moon  in  her  relative  motion  with  regard  to  places 
on  the  earth's  surface.  I  should  have  been  glad  to  have  seen 
in  this  paper  more  of  the  evidences  on  which  the  author's 
conclusions  are  based ;  but  assuming  the  relations  between  these 
earth  currents  and  the  diurnal  motions  of  the  moon,  I  think  we 
must  hesitate  to  accept  the  theory  of  electric  charges  and  electric 
distribution,  for  this  theory  will  hardly  account  for  the  results. 

Professor  Rowland  has  shown  that  a  statical  charge  of  electricity, 
when  it  is  carried  from  one  place  to  another,  will  produce  magnetic 
effects  just  in  the  same  way  as  a  current  of  electricity  would  do, 
and  therefore  the  motion  of  a  static  charge  will  produce  a  current 
of  electricity  in  its  neighbourhood ;  but  Professor  Rowland  has  also 
clearly  shown  that  the  theory  which  would  account  for  the  earth's 
magnetism  and  for  the  changes  in  the  earth's  magnetic  force,  by 
supposing  the  earth  to  have  a  charge  of  electricity  upon  it,  is 
utterly  insufficient  to  produce  the  observed  effects.    From  my  own 
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study  of  magnetic  disturbaDces  and  their  intimate  connection  with 
auroras  and  earth  currents^  I  should  be  rather  inclined  to  look  to 
Hie  regular  diurnal  changes  in  the  earth's  magnetism  as  the  cause 
of  these  regular  diurnal  earth  currents.  When  we  get  magnetic 
disturbances  in  England,  we  find  that  they  are  felt  at  the  same 
instant  of  time  at  Lisbon,  at  Vienna,  and  at  St.  Petersburg,  and 
even  at  Melbourne^  and  that  accompanying  them  are  auroras  and 
earth  currents  which  occur  simultaneously  in  England  and  as  far 
away  as  Siberia.  I  hold  in  my  hand  a  letter  just  received  from 
Dr.  Wild  of  the  Observatory  of  St.  Petersburg,  in  which  he  writes 
that  on  the  night  of  January  Slst  to  February  Ist,  the  very 
brilliant  aurora  so  well  seen  in  many  parts  of  England  was  also 
seen  at  St.  Petersburg  and  in  Siberia.  Both  at  Eew  and  at  St. 
Petersburg  it  was  accomp^ied  by  very  violent  magnetic  disturb* 
ances,  and  we  hope  to  hear  from  Mr.  Preece  in  this  discussion 
something  about  the  earth  currents  which  accompanied  that  storm. 

This  intimate  relation  between  magnetic  changes,  auroras,  and 
earth  current  disturbances,  rather  lead  me  to  consider  the  regular 
diurnal  earth  current  of  which  the  author  speaks  as  brought  about 
by  more  gradual  magnetic  changes  in  the  earth. 

Professor  Maxwell  has  shown  us  that,  with  the  earth  revolving 
on  its  axis  from  W.  to  E.,  if  an  insulated  wire  were  fixed  in  space 
outside  the  earth  in  such  a  way  as  to  make  contact  with  the 
earth  at  the  pole  and  at  the  equator,  then  the  revolution  of  the 
earth  on  its  axis  would  cause  a  current  in  the  fixed  wire  from  the 
pole  to  the  equator. 

If  the  insulated  wire  moved  over  the  surface  of  the  earth  from 
W.  to  E.,  and  the  earth  did  not  revolve,  or  revolved  at  a  slower 
rate,  then  the  current  in  the  wire  would  be  from  the  equator  to 
the  pole. 

The  current  depends  upon  the  relative  motion  of  the  earth  and 
wire.  Now  the  attraction  of  the  moon  for  the  earth  not  only 
causes  tides  in  the  ocean,  but  must  also  cause  tides  in  the  earth's 
solid  crust,  which  is  made  up  of  materials  which  have  a  consider, 
able  degree  of  elasticity,  and  must  therefore  yield  and  alter  their 
form  to  a  considerable  amount  under  the  action  of  the  moon. 

We  thus  have  a  lagging  behind  of  magnetic  matter,  or  an 
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alteration  of  form  giving  a  relative  motion  of  magnetic  matter 
with  regard  to  the  wire,  whilst  the  insulated  wires  on  the  earth's 
surface  are  carried  on  from  W.  to  E.,  and  hence  we  may  expect 
in  those  wires  a  current  of  electricity  whose  general  direction 
would  be  from  the  equator  to  the  pole. 

The  position  of  England  with  regard  to  the  magnetic  pole 
would  modify  the  direction  of  these  earth  curr^its;  and  it  is 
quite  conceivable  that  these  tides  on  the  earth,  which  are  directly 
due  to  the  moon's  attraction,  may  be  the  cause  of  the  regular 
diurnal  earth  currents,  and  may  account  for  their  general  direction 
being  from  S.W.  to  N.E.  The  lagging  of  these  earth  currents 
behind  the  position  of  the  moon  would  also  be  accounted  for  by 
the  lagging  of  the  tides.  Whether  this  theory  will  account  for 
the  actual  observed  earth  currents  is  a  matter  for  future  con. 
sideration. 

Mr.  H.  C.  Saundebs  :  I  have  listened  with  very  great  interest 
to  Mr.  Adams'  paper,  and  also  to  Professor  Adams'  remarks. 
The  subject  of  earth  currents  has  been  one  that  has  occupied  my 
attention  off  and  on  ever  since  1858,  and,  from  my  connection  with 
the  Eastern  Telegraph  Company,  I  have  had  opportunities  of 
accumulating  a  mass  of  data  on  cables  much  greater  than  any 
one  else  can  possess.  I  have  handed  to  the  President  some 
diagrams  which  follow  out  Mr.  Adams'  curves  most  remarkably. 
In  a  diagram  [held  by  the  President]  of  observations  taken  on  the 
Eastern  Telegraph  Company's  cable  between  Suez  and  Aden, 
every  15  minutes  for  the  month  of  January,  1871,  there  is  a 
remarkable  coincidence  in  the  general  contour  of  curves  between 
noon  and  midnight,  and  midnight  and  noon.  The  earth  current, 
as  a  rule,  is  at  zero  at  midnight,  at  6.0  a.m.,  noon,  and  6.0  p.m., 
and  that  ia  followed  out  very  much  by  the  idea  expressed  by  the 
curves  in  Mr.  Adams'  diagram. 

In  1858)  acting  under  instructions  from  Mr.  Whitehouse,  who 
was  then  the  Electrician  of  the  Atlantic  Company,  I  went  to 
Yalentia,  and  observed  earth  currents  on  300  miles  of  cable  lost 
in  the  previous  year  for  6^  days  (day  and  night).  I  only  came 
across  the  papers  a  few  weeks  ago,  having  forgotten  that  I  had 
copies  of  them ;    but  I  then  found  the  curves,  and  I  look  upon 
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them  as  the  first  earth  current  ever  curved  from  observatioDS 
on  a  cable  certainly  of  the  same  length.  Another  remarkable 
thing  is  my  having  plotted  the  tidal  curves.  I  seem  to  have  had 
an  idea  that  the  maximum  and  minimum  of  the  earth  currents 
agreed  in  some  measure  with  the  high  and  low  water  mark.  The 
high  and  low  water  were  taken  veiy  roughly  by  observation.  I 
did  not  satisfy  myself  as  to  the  age  of  the  moon — ^I  merely  put  in 
pegs  by  which  I  could  know  when  the  water  was  high  and  low, 
and  I  plotted  the  red  mark  shown  on  the  diagram  for  36  hours  to 
indicate  high  and  low  water  mark  of  the  tide.  However,  upon 
plotting  the  tidal  curve  for  the  rest  of  the  time,  the  coincidence  of 
the  curves  did  not  appear  to  me  to  be  so  near  as  I  expected  they 
would  from  the  mere  inspection  of  the  colonms  of  figures.  But 
having  since  joined  the  separate  sheets  in  one  continuous  length, 
there  is  a  very  marked  coincidence  of  the  two  curves,  more 
particularly  considering  the  rough  way  in  which  the  tide  was 
observed :  so  that  there  may  be  something  in  them  to  carry  out 
Mr.  Adams'  idea.  But  in  regard  to  observations  taken  at  Suez, 
where  the  staff  had  at  that  time  very  little  else  to  do,  as  some  of 
the  cables  were  interrupted,  I  got  observations  from  the  middle  of 
December,  1870,  to  the  middle  of  March,  1871.  Those  observa. 
tions  are  plotted  and  drawn  in  diagrams ;  and  if  the  Society  would 
like  to  accept  them,  I  should  be  very  happy  to  present  them  to  it. 
It  may  be  said,  why  have  I  not  done  something  all  this  time  ?  I 
have  for  a  long  time  been  waiting  for  some  theory  to  explain  the 
matter,  but  have  never  myself  been  able  to  find  one.  However, 
I  now  place  all  the  information  I  can  in  the  hands  of  the  Society, 
as  it  may  be  of  use  for  consultation,  and  something  may  come  of 
it.  I  have  not  myself  been  able  to  do  anything  except  to  notice 
the  remarkable  coincidence  of  the  curves  day  after  day,  and  no 
doubt,  if  undisturbed  by  what  Mr.  Adams  calls  storms,  they  would 
form  a  smooth  and  even  normal  line. 

At  the  soiree  in  Willis's  Booms  in  December,  1876, 1  exhibited 
diagrams  of  observations  for  six*  consecutive  days  between  Suez 
and  Aden,  when  the  cable  was  broken  about  106  miles  from  Aden, 
the  cable  being  about  1,460  imles  long.  They  were  taken  very 
carefully  on  an  astatic  galvanometer,  and  a  veiy  similar  contour 
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came  out,  but  the  remarkable  thing  was  that,  after  reducing  the 
observations  of  Suez  and  Aden  to  the  same  time,  the  coincidence 
of  variations  were  absolutely  correct.  As  Suez  became  the  maxi- 
mum, so  Aden  became  the  minimum.  This  followed  all  through  the 
observations.  I  have  copies  of  the  observations,  so  that  thej  can 
be  handed  with  the  others  to  the  Society.  The  curious  thing  was 
that  the  cable  was  absolutely  separated  at  106  miles,  and  yet  the 
same  coincidence  followed  as  if  the  cable  had  been  perfect.  I 
have  other  observations  when  the  cable  was  perfect,  showing 
exactly  the  same  results.  In  calculating  the  strength  of  the  earth 
currents,  I  have  %'vvavs  assumed  that  the  current,  whether  positive 
or  negative,  emanated  from  the  distant  end  of  the  cable,  and  in  all 
my  calculations  have  included  the  copper  resistance  of  the  cable 
in  the  circuit,  and  so  have  given  the  force  in  Daniell's  cells  at 
the  observing  end  through  resistance  equal  to  that  of  the  cable. 
Perhaps  it  would  have  been  more  correct  to  have  given  the  poten. 
tial  at  the  end  of  the  cable,  but  for  purposes  of  comparison  this 
does  not  matter.  It  is  sometimes  remarked  that  there  is  a  veiy 
high  potential  at  one  end  of  the  line  and  very  little  at  the  other. 
If  Mr.  Latimer  Clark  were  here  to-night,  he  would  recollect  that 
once,  when  testing  one  of  the  Atlantic  cables,  there  was  a  potential 
of  about  100  cells  in  Newfoundland  and  little  or  no  earth  current 
inValentia :  that  was  a  very  remarkable  fact,  and  not  at  all  usual, 
I  think. 

The  observations  taken  by  me  in  1858  were  on  record  some 
years  before  Mr.  Adams  began  his  investigations,  but  they  agree 
in  a  remarkable  manner  with  his  curves,  both  as  to  earth  current 
and  tidal  curve. 

In  taking  the  observations  of  the  thirty-six  hours  referred  to» 
I  happened  to  get  into  a  very  nice  series  of  earth  currents.  The 
remainder  of  the  observations  are  not  so  interesting,  but  I  will 
plot  them  all  out  and  give  them  to  the  Society  at  some  future 
time. 

The  Pbesident  :  May  I  ask  what  the  vertical  curves  are — 
cells  or  what  ? 

Mr.  Sattndebs  :  They  are  merely  deflections  on  a  scale  of 
division.    I  have  data^  and  will  reduce  them  to  Daniell's  cells. 
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The  Pbesident  :  I  am  sure  I  shall  be  ezpressiog  the  wishes 
of  all  present  in  saying  that  the  Society  accept  very  gladly 
Mr.  Saunders'  offer  of  the  records  of  his  observations. 

I  may  point  out  that  the  curve  of  the  1858  observations, 
which  Mr.  Saunders  has  referred  to,  indicates  a  most  remarkable 
correspondence  between  the  tide  curve  and  the  earth  current 
curve.  These  curves  do  not  fall  upon  each  other,  but  the  periods 
are,  so  far  as  can  be  judged  of  from  the  actual  unsmoothed  curve, 
almost  identical,  one  following  some  three  hours  behind  the 
other. 

Mr.  Whipple  remarked  that  attention  did  not  appear  to  have 
been  called  to  the  fact  that  magnetic  variations,  and  probably  also 
earth  current  variations,  consisted  of  two  classes  of  phenomena — 
the  regular  periodic  movements  and  the  storms  or  disturbances. 

He  believed  that  to  General  Sir  £.  Sabine  belongs  the  credit 
of  having  separated  the  two  in  the  observations  recorded,  and  in 
his  discussion  of  the  colonial  results  this  separation  was  fully 
carried  out. 

Possibly  a  similar  method  of  dividing  extraordinary  £rom  the 
more  frequent  earth  currents  phenomena  would  render  the  results 
of  different  observers  more  comparable.  For  instance,  the  failure 
experienced  by  Mr.  Saunders  to  obtain  satisfactory  conclusions 
might  possibly  be  attributed  to  the  fact  that  disturbances  were 
very  frequent  in  1870  and  1871,  whilst  in  1876  there  were  no 
perturbations  worthy  of  remark. 

He  would  like  to  ask  the  author  of  the  paper  whether  in  his 
discussion  he  had  taken  account  of  the  fact  that  the  magnetic 
pole  of  the  earth  was  at  a  considerable  distance  from  the  terrestrial 
pole.  This  did  not  appear  in  the  diagram,  but  would,  in  his 
opinion,  produce  a  very  considerable  variation  in  the  typical 
distribution  of  earth  currents. 

With  regard  to  magnetic  disturbances,  the  very  abrupt  manner 
in  which  they  usually  commenced  induced  the  thought  that  they 
were  due  to  some  cause  sudden  in  its  action,  possibly  of  the  nature 
of  a  volcanic  outbreak,  rather  than  to  the  motion  of  a  body 
moving  in  an  orbit.  Hence  it  would  be  unlikely  to  find  a  variation 
VOL.  X.  4 
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correqKmding  to  change  of  positLon  of  the  moon  in  this  class  of 
phenomenon. 

Mr.  Cecablton  Wqllaston  :  I  had  the  opportunity  so  far  back 
as  1846  or  1847  of  watching  some  of  the  experiments  which  were 
at  that  time  conducted  bj  Mr.  William  Henry  Barlow  at  Derby  witb 
reference  to  earth  currents,  and  in  1861  ayailed  myself  of  the 
opportunity  of  e^cperimenting  upon  the  submarine  cable  between 
Ei^land  and  France.  The  results  I  anived  at  were  such  that  I 
am  very  mudi  disposed  to  think  that  the  greater  part  of  the 
so-called  earth  current  is  caused  not  by  earth  current  at  all)  but 
by  iidal  current — ^tlie  absolute  mechanical  movement  of  the  water 
in  the  neighbourhood  of  the  wires. 

My  experiment  was  this.  Very  soon  after  the  first  submariite 
cable  was  laid  between  England  and  France  (a  cable  of  four  wires, 
only  two  of  which  were  at  the  time  in  use),  I  was  led  to  observe 
very  strong  deflections  ui  the  needles  of  the  telegrc^  instruments, 
varying  not  in  intensity  only,  but  also  in  direction.  I  placed  in 
circuit  with  one  of  the  wires  a  delicate  galvanometer,  and  obtained 
very  remarkable  results.  The  movements  of  the  needle  were  so 
very  strong  that  I  thought  there  was  some  error  attributable  to 
having  attached  the  *' earth  "  wire  to  the  water-pipes  at  Dover, 
and  to  a  copper  plate  in  France.  I  found  the  needle  vary  from 
about  40  degrees  on  the  one  side  to  45  to  48  on  the  other,  and 
that  with  a  obtain  regularity  which  at  the  time  I  was  not  prepared 
to  expect.  A  series  of  observations  were  taken  for  a  fortnight 
eveiy  five  minutes.  These  observations  so  entirely  differed  from 
those  made  by  Mr.  Barlow  upon  land  lines  radiating  from  Derby, 
that  I  was  still  of  opinion  I  must  have  been  somehow  in  error. 
Some  time  afterwards  (I  think  in  1854)  it  occurred  to  me  that  the 
movements  of  the  needle  across  the  zero  line,  varying  about  40 
minutes  in  time  daily,  corresponded  with  the  variation  in  time  of 
the  set  of  the  tide  up  and  down  the  Channel  across  the  submarine 
cable. 

I  called  upon  the  late  Professor  Faraday  at  the  Boyal  Institu. 
tion.  Mr.  Faraday  (I  recollect  it  as  well  as  if  it  were  to-day)  said, 
''  Oh,  beautiful,  beautiful,"  took  down  a  book  from  the  shelf,  and 
read  to  the  following  effect  :^**  Supposing  a  wire  could  be  suspended 
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from  Shakespeare's  Cliff  to  Cape  Grisnez,  the  efiE^t  of  the  water 
ranning  under  that  wire  ought  to  be  apparent/'  etc.,  etc.  In  fact, 
the  observations  taken  between  Dover  and  Calais  ooincided  with 
effects  sooh  as  Farada j  had  stated  ought  to  be  produced. 

.  I  have  never  had  the  opportunitj  of  f olloiring  the  matter  up^ 
bat  the  results  were  as  I  have  stated ;  and  I  venture  to  think  that 
the  set  of  the  tidal  current  of  the  river  Severn  will  account  for  all 
the  variatbns  of  the  electric  current  observed  by  Mr.  Adams 
between  Cardiff  and  London.  Experiments  which  I  tried  at  East 
Chceenwich  at  a  later  period  quite  confirmed  those  made  upon  the 
submarine  cable.  I  found  that,  so  ioDg  as  the  tide  ran  up  the 
river y  the  needle  was  deflected  in  the  one  directbn,  and  when 
ninning  down  the  deflection  was  reversed. 

I  venture  to  think  that  the  greater  part  of  the  variations  in  the 
carves  shown  in  Mr.  Adams'  diagram  are  due  to  the  tide  of  the 
Severn  across  the  direction  of  the  wires  used  b  j  Mr.  Adams  in  the 
course  of  his  experiments. 

Professor  Pbeby  said  :  The  great  value  of  the  ])aper  we  have 
heard  lies  in  its  being  an  exact  record  of  continuous  observations, 
and  it  is  to  be  hoped  tiiat  ike  complete  curves  will  be  published 
in  the  JoumaL  From  the  diagram  for  three  days  the  lunar  semi, 
diurnal  periodicity  is  not  very  evident,  but  no  doubt  there  are  two 
positive  and  two  n^ative  maxima  in  a  solar  or  lunar  day.  Very 
little  good  is  to  be  derived,  I  am  afraid,  from  tiieorising  on  the 
causes  of  earth  currents  until  at  every  telegraph  o£Sce  a  continuous 
record  is  kept,  so  that  maps  of  equipotential  lines  may  be  diawn 
all  over  England.  In  a  paper  read  in  Japan  in  May,  1877, 
Professor  Ayrton  and  I  referred  to  Mr.  Varley's  predictions  of  bad 
weather  derived  from  earth  currents,  and  to  the  fact  that  earth- 
quakes are  known  to  be  accompanied  by  greater  intensities  of 
these  currents,  and  we  designed  a  recording  instrument  which 
might  be  placed  in  any  telegraph  office,  and  which  would  neither 
interfere  in  any  way  with  the  ordinary  working  of  the  line,  nor 
require  any  attention  from  the  telegraph  operator.  At  that  time 
we  wrote  a  paper  on  "  Bain  Clouds  and  Atmospheric  Electricity," 
since  puUished  in  the  FhUoaophical  Magaame^  in  which  we 
re£Brred  to  the  results  of  certain  elaborate  calculations  made  by 
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US  on  electric  tides  and  consequent  earth  currents,  due  to  electro, 
static  induction  from  heavenly  bodies.  At  the  end  of  our  paper 
'*A  New  Theory  of  Terrestrial  Magnetism,"  read  before  the 
Physical  Society  two  years  ago,  we  say:  ''In  the  preceding 
investigation  we  have  supposed  the  electric  charge  to  be  uniformly 
distributed  over  the  earth,  and  so  have  arrived  at  a  law  of 
magnetic  intensity,  varying  merely  with  the  latitude.  But  the 
sun  and  other  members  of  the  solar  system  may  very  likely  have 
potentials  so  different  from  that  of  the  earth,  that  we  can  hardly 
conceive  the  amounts ;  consequently,  we  should  expect  the  static 
electric  distribution  of  the  earth  would  undergo  periodic  changes 
corresponding  in  time  with  those  of  the  ocean  tides.  But  altera- 
tion  in  the  static  distribution  of  electricity  on  the  earth's  surface 
means,  as  we  have  shown,  alteration  in  the  law  of  magnetic 
intensity ;  consequently,  we  should  expect  that  this  magnetic 
intensity  would  vary  somewhat  as  do  the  ocean  tides ;  and  this  is 
known  to  be  the  case.  But  it  is  also  evident  that,  besides  these 
regular  changes,  every  time  a  great  mass  of  vapour  is  suddenly 
formed  and  condensed  on  the  earth,  and  whenever  great  changes 
are  occurring  in  the  solar  atmosphere  whereby  the  lines  of 
electrostatic  induction  from  the  sun  to  the  earth  are  altered,  we 
should  find  corresponding  changes  in  terrestrial  magnetism  such 
as  we  now  know  as  magnetic  storms.  And  not  only  this,  but  as 
the  planets  are  charged  bodies,  their  motions  relatively  to  the 
sun  ought  to  cause  motions  in  the  sun's  atmosphere  such  that,  for 
instance,  the  aligneation  of  a  number  of  planets  and  the  sun,  or 
the  near  approach  of  any  planets  if  the  aligned  or  approached 
planets  have  potentials  nearer  that  of  the  sun  than  many  of  the 
other  bodies  of  the  solar  system,  ought  to  diminish  the  storms  in 
the  solar  envelope,  and  ought  to  alter  the  electrostatic  distribution 
on  the  earth.''  Since  that  paper  was  published,  it  has  been 
shown  by  Professor  Rowland  that  the  charge  required  on  the 
earth  to  produce  by  its  rotation  alone  the  earth's  magnetism, 
namely,  five  and  a  half  microfarads  per  sq.  c.  m.,  is  so  great  that 
this  idea  must  be  given  up.  I  have  not  time  now  to  consider 
whether  or  not  it  might  not  still  be  put  in  a  workable  form  by 
assuming  some  other  distribution  than  a  merely  superficial  one ; 


1881.]  DISOUSSIOK  ON  MB.  ADAMS*  PAPEB.  53 

but  in  its  original  form  we  have  given  it  up,  because  the  greatest 
superficial  charge  which  we  might  reasonably  be  allowed  for  the 
earth  will  odIj  suffice,  by  mere  rotation,  to  account  for  the  one- 
thousandth  part  of  the  earth's  total  magnetism.  Even  to  produce 
this  small  effect,  the  outward  pressure  at  the  surface  of  the 
conducting  earth  would  be  as  much  as  the  one  siz-hundredth  of 
an  atmosphere.  Possibly  this  is  the  greatest  outward  pressure 
which  we  are  likely  to  be  granted.  If  an  outward  pressure  of 
one-sixth  of  an  atmosphere  were  allowed,  we  could  account  on  our 
theory  for  one-hundredth  of  the  total  magnetism  of  the  earth. 
We  relinquished  this  idea,  then,  on  account  of  the  great  pressure 
outwards  to  which  an  exposed  part  of  the  surface  of  the  earth 
would  be  subjected  if  the  charge  were  great  enough  to  produce 
the  whole  amoimt  of  terrestrial  magnetism.  We  did  not  relinquish 
it  on  account  of  Professor  Rowland's  statement  that  *'  if  the 
moon  was  electrified  to  a  like  potential  the  force  of  repulsion 
would  be  greater  than  the  gravitation  attraction  of  the  earth,  and 
it  would  fly  off  through  space,'*  because  this  is  not  the  case.  The 
mutual  gravitation  attraction  of  the  earth  and  moon  is  about 
1'886  X  10^  dynes,  and  the  repulsion  due  to  the  charges  which 
Professor  Rowland  assumed  is  1*401  x  10**  dynes,  or  about 
fourteen  times  less.  And  in  addition,  we  should  never  have 
proposed  to  give  to  the  moon  as  high  a  potential  as  it  is  possible 
to  give  to  the  earth,  since  the  greater  the  radius  of  the  sphere  the 
greater  may  be  its  potential  for  the  same  pressure  outwards. 
The  resultant  attraction  between  the  earth  and  moon  is  known, 
but  who  can  positively  say  that  it  is  altogether  gravitation  ?  The 
repulsion  of  charges  of  electricity  on  spheres  very  distant  in 
comparison  with  their  diameters  will  have  exactly  the  same  effect 
as  a  diminution  of  the  mean  densities  of  the  spheres  would  produce 
on  the  total  attraction,  as  it  is  veiy  probable  that  the  charges  of 
all  bodies  of  the  solar  system  have  the  same  sign. 

As  we  informed  the  Physical  Society  a  year  ago,  we  do  not 
propose  to  relinquish  that  part  of  our  theory  which  deals  with 
changes  in  the  earth's  magnetism,  and  with  earth  currents  in 
telegraph  lines.  For  if  the  density  at  any  place  changes  by  an 
amount  equal  to  one  twelve-thousandth  of  the   charge  which 
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Professor  Rowland  states  that  our  theory  requires,  there  will  be 
{ffoduced  at  the  plaee  a  change  of  nearl j  this  fraction  of  the  earth's 
total  magnetio  ioree  (this  is  th^  amount  required  by  actual 
magnetic  observations),  and  such  a  change  of  d^isity  as  this  is 
quite  allowaUe^  since  the  pressure  outwards  due  to  it  is  less'than 
the  twelve-millionth  part  of  an  atmosphere*  It  is,  however* 
somewhat  di£Bcult  to  see  how  this  excess  density  is  to  be  produced ; 
for  if  the  moon  has  a  charge  m,  if  /  is  the  di^taince  from  earth  to 
moon,  if  '^  is  the  angle  made  by  the  earth's  radii;^  at  a  place  with 
the  line  of  centres,  then,  whether  or  not  the  earth  has  an 
independent  change,  the  fluctuating  density  at  the  place  is  very 
nearly 

This  shows  that  the  moon's  charge  must  be  very  considerable 
indeed  to  produce  so  larger  an  electric  tide.  I  have  'do  time  to 
pursue  this  subject  farther  at  present ;  but  let  me  say  that,  what- 
ever be  our  ideas  as  to  the  sufficiency  of  the  theory  to  explain 
fluctuations  in- terrestrial  magnetism,  there  can  be  na  doubt  of  its 
sufficiency  to  explain  earth  currents. 

It  is  obvious  that  Mr.  Adams  is  wrong  in  giving  to  the  earth 
on  the  aide  of  the  moon  a  charge  oi  the  same  kind  as  that  which 
exists  on  the  side  away  from  the  moon.  It  has  to  ^  remembered 
tliat  the  ocean  tide  on  the  side  away  from  the  moon  is  due  to  the 
inertia  of  the  water  acted  upon  by  the  centrifugs^l  force  of  the 
earth's  rotMion  round  centre  of  gravity  of  earth  and  moon.  There 
•  is  no  analogy  to  this  in  the  case  of  electricity.  According  to  our 
theory  there  would  only  be  one  positive  and  one  negative  maximum 
in  the  strength  of  earth  currents  every  twenty.four  hours.  He 
finds  twice  as  many  maxima,  and  we  should  be  inclined  to  put 
this  down  to  local  circumstances. 

It  is  probable  that  the  oceans  of  the  earth  always  possess  the 
static  changes  necessary  for  their  positions  with  respect  to  the 
moon.  But  over  the  more  non-conducting  land  the  necessary 
di^tribution  cannot  be  effected  quickly  enough,  and  hence  we  get 
differences  of  potential  which  go  under  the  name  of  earth  currents. 
If  this  is  true,  then  the  coastJine  of  England  is  nearly  an.  equi- 
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potential  linOi  and  the  greatest  earth  currents  will  be  obtained  from 
the  most  inland  place  to  the  sea-coast.  In  India  I  understand 
that  these  currents  are  mainly  in  one  direction.  Mr.  Adams  finds 
£rom  Cardiff  to  London  two  positive  and  two  negative  maxima  in 
a  lunar  day,  the  differences  of  potential  being  exceedingly  smalL 
Other  observers  have  found  other  results  in  other  places ;  but  as 
with  all  a  periodicity  is  observed  which  is  diurnal  or  semi-diurnal, 
it  is  probable  ihat  local  causea  wiU  account  for  differences,  just  as 
differences  in  the  periodicity  of  the  ocean  tides  are  due  to  local 
causes ;  the  excitmg  agent  in  every  case  being  static  induction 
£rom  the  moon  and  sun. 

In  calculating  the  earth  current  effect,  we  find  our  smallest 
result,  that  is,  no  earth  currentsi  when  we  consider  the  earth  to 
be  pei^tly  conducting.  We  therefore  look  at  the  pioblem  in 
quite  a  different  '^b,j  from  Mr.  Adams.  We  find  our  greatest 
result  when  we  consider  a  perfectly  non-conducting  earth.  With 
a  nearly  non-conducting  earth  a  comparatively  small  change  on 
the  moon  wiU  produce  very  considerable  differences  of  potentiid. 
In  this  case,  the  earth's  otm  charge  would,  in  the  course  of  time, 
have  arrived  at  a  stable  state  of  distribution.  The  potential  at  a 
point,  F,  on  the  ^arth  due  to  a  charge,  m,  on  the  moon  would 

evidently  be 

m 
MP 

M  being  the  moon's  centre.  The  electro-motive  force  in  the 
direction  of  the  steepest  gradient  (this  direction  changes  with  a 
diurnal  periodicity)  is 

^  sin.  '^  per  centimetre, 

^y  being  the  angle  made  by  the  earth's  radius  at  the  place  with 
the  line  of  centres;  so  that  during  the  lunar  day  we  find  the 

electro-motive  force  changing  firom  ti  to  —  t^  per  centimetre. 

One  volt  per  mile  would  be  produced  by  the  moon  having 
the  easily  allowable  charge  of  10,000  farads.  The  greatest 
positive  and  xlegative  earth  currents  would  be  found  at  places 
where  the  moon  is  rising  or  setting,  whereas  at  lunar  noon  and 
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midnight  there  would  be  no  earth  currents.  I  have  not  troubled 
you  with  an  account  of  the  much  more  complicated  problem  which 
was  taken  up  by  Professor  Ayrton  and  myself,  the  earth  being 
what  it  is,  a  moderately  good  conductor.  The  result  is  somewhere 
between  the  results  for  the  two  limiting  cases  which  I  have  given. 
It  is  then  evident  that  the  sun  or  moon's  induction  is  quite 
sufficient  to  account  for  very  considerable  earth  currents,  what- 
ever may  be  our  difficulties  in  the  co-ordination  of  the  phenomena 
of  terrestrial  magnetism.  It  is,  however,  evident  that  we  must 
consider  local  circumstances  as  modifying  the  phenomena. 

With  reference  to  the  connection  between  earthquakes  and 
these  phenomena,  there  seems  to  be  no  doubt  that  the  intensity  of 
the  earthquakes,  continuously  producing  the  earth  crackling  which 
is  heard  from  the  buried  microphones  of  my  friend  Professor  Milne, 
follows  a  lunar  periodicity.  This  earth  crackling  is  undoubtedly 
due  to  elastic  tides. 

Mr.  C.  F.  Vaelet  :  If  you  will  allow  me,  I  should  like  to  say 
just  one  word.  I  should  like  to  ask  Mr.  Adams  if  he  could  before 
the  next  meeting  (when  the  discussion  will  be  continued)  give  us 
the  resistance  of  the  circuits.  In  one  place  he  speaks  of  a  current 
of  so  many  Daniell  cells  per  mile,  and  in  another  place  he  speaks 
of  a  current  of  so  many  milliwebers.  If  he  would  give  us  the 
resistance  of  the  circuits  and  apparatus  between  the  two  termini, 
we  should  be  able  to  compare  them.  I  would  also  like  him  to 
give  us  the  actual  figures  from  which  he  has  drawn  his  various 
curves. 

A  ballot  for  new  members  then  took  place,  and  the  meeting 
adjourned  until  February  the  24th,  1881. 
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OEIGINAL  COMMUNICATIONS. 


MANUAL    TRANSLATOR. 

By  T.  J.  WiLMOT,  Associate. 

This  plan  combines  the  closed-circuit  system  on  the  land  line 

th  the  double-current  system  on  the  cable.    The  apparatus  con- 

Its  of  one  Allen  &  Brown's  submarine  relay,  two  American 

ipolarised  relays  (one  of  which  has  the  back  stop  utilised),  one 

merican  key,  one  switch,  one  circuit-closer. 

The  ffkcduB  operandi  is  as  follows,  and  will  be  understood  upon 

I —  ference  to  the  diagram: — The  switch  being  turned  to  "send," 

line  current  from  the  distant  land  station  actuates  relay  R*, 

=C  issing  to    earth    through    the  circuit-closer  K.      This  brings 

kttery  B  into  operation,  sending  double  current  signals  through 

switch  into  the  cable-    Upon  turning  to  '*  receive,"  the  switch 

Ter  lifts  that  of  the  circuit-closer,  and  opens  it  at  point  Q  (Fig. 

,  bringing  the  armature  of  relay  R^  into  circuit ;  signals  from  the 

pX^   kble  from  the  switch  through  the  coils  of  the  submarine  relay  A 

I  ^     id  B  to  earth.   A  local  batteiy  is  thus  brought  into  play,  operating 

(I    day  R^,  the  armature  of  which  passes  the  signals  into  the  land 

i    ne.    The  key  is  inserted  in  the  land  line,  and  thus  speaks  to  land 

.tions  direct,  whilst  it  works  relay  R*  for  speaking  through  the 

kble.    The  condenser  is  for  the  purpose  of  preventing  the  spark 

the  contact  points  in  the  submarine  relay  A  and  B. 

Fig.  1  shows  the  switch  at  rest    In  that  position  either  side 

speak.      If  cable  commences  speaking,  the  switch  lever  is 

ed  to  its  farthest  point  on  the  '*  receive  ^  side,  thus  lifting  the 

inite  lever  of  the  circuit-closer,  which  opens  the  line  to  the 

^  Ikmature  of  relay  R^,  as  explained  above.    I  may  add  that  the 

itch  and  circuit-closer  are  of  my  own  design  and  manufacture. 

le  latter  is  made  in  the  form  indicated,  so  as  to  keep  the  land 
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line  and  cable  as  far  apart  as  possible,  and  so  preventing  any 
lightning  discharge  passing. 

NOTB. — ^We  are  now  using  a  D.C.  Transmitter,  of  the  form 
employed  by  the  Western  Union  in  their  Quadruplex,  for  passing 
the  signals  Into  the  cable.  It  works  well,  but  hardly  as  well  as 
the  simple  relay,  as  shown  in  the  diagram. 


AUTOMATIC  DOUBLE  CURRENT  TRANSLATOR. 

The  apparatus  required  for  this  are  as  follows : — 

1  Allen  &  Brown's  submarine  relay,  A  and  B. 

1  Siemens'  polarised  relay  (doubly  wound),  R*. 

2  American  unpokrised  relays  (1  with  back  stop  utilised,  other 

doubly  wound),  R  and  R'. 

1  ]^ectro-magnetic  switch,  S. 

2  Galvanpecopes. 
lS.aKey. 

1  Compound  switch,  S'. 

2  Resistances  (one  for  balancing  line,  other  smaller  one  for 

shunt). 

The  switch  S  is  upon  the  same  principle  as  the  one  used  for  the 
*^  Manual,"  with  the  exception  that  it  is  turned  by  means  of  a 
pair  of  coils ;  and  it  is  amuaged  so  as^to  be  controlled  entirely  by 
the  land  station. 

Signals  from  the  cable  pass  first  through  the  galvanoecope  to 
switch,  and  from  thence  through  A  and  'B-  to  earth.  A  and  B 
operates  R,  which  sends  D.C.  signals  to  line,  which  pass  through. 
R'  and  R'  without  moving  them. 

When  the  land  station  sends,  his  signals  pass  from  the  galvano. 
scope  through  R'  and  R^,  R^  is  dosed,  which  in  its  turn  closes  S,  and 
carries  the  switch  over  to  ''  soikI."  R^,  being  unpolarised|  remains 
closed  the  whole  time  the  land  station  continues  sending,  whilst 
B'  sends  D.C.  signals  into  the  cable  from  batteiy  B\ 

If  the  translator  station  wishes  to  speak,  he  turns  switch  S. 
This  diverts  battery  B  from  R  to  the  key.    The  key  is  pUced  in 
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the  land  line,  so  that  all  stations  can  see  his  signals,  and  as  the 
whole  power  of  battery  B  would  pass  through  B',  a  small  shunt  is 
provided  which  may  be  adjusted  to  give  the  requisite  strength  of 
signal  firom  B?  into  the  cable. 

As  the  relay  A  and  B  is  unstable,  it  is  necessary  to  leave  battery 
B  in  circuit ;  but  no  matter  which  may  be  to  line  at  the  moment, 
the  TKiATlfiTig  or  the  clearing  current,  the  moment  the  land  station 
turns  I^s  switch  to  '^  send,"  batteiy  B  is  completely  cut  ofi^  and 
the  line  put  to  earth  through  the  armature  of  S. 

The  condenser,  or  a  high  resistance,  is  needed  with  A  and  B 
fer  preventing  the  spark,  as  in  the  ^'  Manual." 

The  instruments  are  provided  with  efficient  lightnii^  guards. 


60  ABSTBAGTS. 


ABSTRACTS. 


W.  SZSMEVS— THE  VARIATION  OF  THE  CONDUCTIVITT  OP 
CARBON  WITH  TEMPERATURE. 

(Annatsn  ddr  Physik  und  Chemie,  B.  X,,  H.  4,  No.  87, 1880yi)p.  560-574.) 

Matthieasen  was  the  first  to  observe  the  peculiarity  that  the  condnctlTityof 
carbon  increases  with  the  temperature.  Beetz  found  that  this  law  did  not  hold 
good  for  gas-retort  carbon,  but  only  for  artificial  carbon  made  of  powdered 
carbon  stuck  together  with  a  solution  of  sugar,  then  pressed  and  heated  until 
the  sugar  was  charred.  Lately,  Felix  Auerbach  found  that  the  resistance  of 
carbon  increased  with  the  temperature. 

Dr.  Siemens  made  cylindrical  carbon  rods  of  different  thicknesses  and 
lengths;  the  ends  were  electrotyped  with  copper,  and  leading  wires  attached. 
For  low  temperatures  the  carbon  was  heated  in  a  bath  of  melted  paraffin,  and 
for  high  temperatures  the  carbon  rod  was  put  in  a  copper  tube,  the  ends  of 
which  were  closed  with  plaster  of  Paris  plxtgs,  and  which  was  placed  in  an  open 
fire-brick  oven.  Raising  the  temperature  caused  the  resistance  to  diminish 
firom  1*452  at  20^  to  1*375  at  the  temperature  of  molten  tin,  and  1*298  at  the 
temperature  of  molten  zinc.  Cooling  the  tube  rapidly,  however,  caused  the 
resistance  to  increase  to  1*685  when  the  temperature  had  cooled  down  to  20**.  C. 
This  increase  the  author  attributes  to  actual  burning  away  of  the  carbon  rod. 
The  diflcrepancy  between  the  results  of  Matthiessen  and  Auerbach,  Dr.  Siemens 
considers,  is  due  to  the  latter  not  having  electrotyped  his  carbon  rods,  but  only 
having  dipped  them  in  meltiug  solder,  and  in  cousequence  of  which  there  was 
a  layer  of  gas  originally  occluded  in  the  carbon,  between  the  carbon  and  the 
connecting  wire.  And,  as  a  proof  of  this,  he  found  experimentally  that  when 
Auerbach's  method  of  dipping  the  ends  of  the  carbon  rods  in  molten  solder  was 
adopted,  the  resistance  increased  with  temperature,  whereas  when  Matthiesten's 
or  his  own  method  of  electrotyping  the  carbon  was  employed,  the  resistance 
diminished  with  elevation  of  temperature.  The  paper  concludes  with  experi- 
ments  on  Berlin  gas-retort  carbon  and  artificially  made  carbon,  both  of  which 
were  Ibund  to  follow  Matthiessen^s  law. 


FELZX  AUEBBACH— MAGNETIC  INVESTIGATIONS. 

{AwMjSimi  der  Physik  und  Chemie,  B.  XI^  H.  S,  Ko.  II,  1880,  pp.  858-894.) 

The  author  has  endeavoured  to  determine  what  influence  variation  of  ] 

length,  and  thickness,  and  density  of  a  magnet  has  on  its  temporary  magnetinn, 

other  things  remaining  the  same.   Investigations  on  the  influence  of  length  and 

thickness  have  been  made  by  Lenx,  Jacobi,  and  Dub.    From  these  it  follows 
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that  the  magxietifm  m  oc  I*  where  h  varies  between  2  and  f ,  when  the  thickness 
is  1*75  inches.  The  author  found  that  in  most  cases  m  oc  z',  or  better  m  « l^"^^, 
where  h  was  between  0  and  |.  These  formulse,  however,  do  not  give  the  actual 
effect  of  the  length,  since  the  mass  is  proportionate  to  the  length.  We  must, 
therefore,  divide  by  I,  and  we  find  that  fi  <3ci^'*'\  Quite  analogous  is  the 
influence  of  the  diameter.  The  author  found  that  m  x  d^,  or,  better,  m(x,d}~^ 
where  ¥  was  between  0  and  i.    Dividing  by  (I>,  as  the  mass  is  proportional  to 

<P,  we  have  ft  «  d^^  "*"  \  The  temporary  magnetism  increases,  ceteris  paribus, 
with  the  length  and  diminishes  with  the  diameter,  and  assuming  that  k'  »  Jb, 

(/ \l+h 
-^\  in  which  k  is  between 

0  and  |.  Considering  the  magnetised  body  to  consist  of  molecular  magnets, 
which  in  addition  to  external  forces  are  subject  to  mutual  influence,  we  must 
conclude  that  parts  near  the  surface  behave  difierently  from  those  inside. 
Using  a  mixture  of  clean  iron  powder  with  fine  sawdust  put  into  a  glass  tube, 
and  surrounded  with  the  magnetising  spiral,  the  author  found  that  the  tem- 
porary magnetism  of  the  powder  increased  with  its  density  foster  for  small  and 
great  densities  than  for  those  intermediate.  Begarding  E.  BecquerePs  assump- 
tion that  the  difilsrence  between  the  magnetism  of  iron,  nickel,  and  cobalt  is 
only  a  result  of  the  different  densities  of  these  metals,  the  author  made  experi- 
ments with  nickel  powder  similar  to  these  referred  to  above.  He  foxmd  that, 
ceteris  paribus^  the  temporary  magnetism  of  nickel  powder  increases  with  the 
density.  For  excessively  small  densities  the  nickel  powder  had  more  than  half 
the  temporary  magnetism  of  iron  powder  of  the  same  density,  for  small  densities 
it  had  just  half  as  much,  with  increasing  densities  the  ratio  decreased,  and  at 
half  the  natural  density  it  was  a  quarter.  Regarding  the  influence  of  the 
magnetising  force  on  the  temporary  magnetism,  he  found  that  with  both  solid 
and  powdered  metal  for  small  forces,  the  magnetism  was  proportional  to  the 
force,  for  greater  ones  it  increased  faster,  and  for  still  greater  it  increased  more 
slowly  again.  The  latter  portion  of  the  paper  contains  a  theoretical  explana- 
tion of  these  phenomena. 


C.  BAUB»— NEW  INVESTIGATIONS  ON  MAGNETISM. 

{AwnaXen,  der  Physih  und  CKemU,  B.  XL,  H.  8.,  Ko.  11, 1860,  pp.  894-413.) 

If  0  ii  the  value  of  the  magnetising  force  in  a  homogeneous  magnetic 
field,  V  the  volume  of  a  body  brought  into  it,  and  m  the  corresponding  induced 
magnetic  moment,  m  ^  kvm  where  h  is  the  coefficient  of  magnetisation.  For 
determining  h  the  author  used  an  iron  ring  of  circular  section  coiled  with 
wire,  through  which  a  current  was  passed,  and  the  amount  of  magnetism  was 
neasured  by  observing  with  a  galvanometer  the  current  induced  in  a  secondary 
coil  woTind  also  on  the  ring.    In  such  a  cast 

.  2miIL 

where  mi  is  the  number  of  oonvolntionB  of  the  primary,  i  the  strength  of  the 
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onrrent,  y  the  nMlini  of  the  section  of  the  iron  ring,  L  -  2  ir  (^  —  ^po  •  —  7*i 
p^  being  the  radios  of  the  circular  axis  of  the  ring.    And 

16  fit]  114  ir  L   '   1         4yL 
where  10  ii  the  resistance  of  the  secondary  circuit  containing  m%  cenyalations, 

and  in  which  a  eorrent  whose  integral  strength,  j,  is  induced,  Li  *«  /  — L 

the  integration  to  extend  over  the  the  section  of  the  secondary  circoit. 

The  author  found  that  ik  i-  15  +  IO0,  and  m  i-  15  0  +  10  «*.  To  observe 
the  effect  of  change  of  temperature,  the  ring  was  hung  in  an  iron  vessel  with 
double  walls,  and  in  which  the  ring  could  be  heated  to  a  temperature  of 
160°  G.,  and  kept  constant  for  hours.  The  general  conclusions  arrived  at  were: — 

1.  The  influence  of  temperature  on  the  magnitude  of  h  depends  on  the 
magnetising  force. 

2.  If  the  magnetising  fbrce  is  constant.  It  increases  as  the  temperature 
innroancin,  this  law  holding  good  up  to  a  certain  value  of  the  magnetising  force. 
For  greater  values  k  diminishes  as  the  temperature  is  increased. 

8.  The  smaller  the  magnetising  force  is,  the  greater  is  the  influence  of 
temperature  on  the  value  of  Is. 

The  author  flnds  that  if  2^  corresponds  with  the  temperature  h  and 
"hi  with  <i,  and  if  i  »  ^  —  is  then  if  —  &i  (1  4-  91*  +  gst*)  91  and  ^  being 
determined  by  the  method  of  least  squares ;  qi  was  found  to  decrease  with, 
increasing  x,  was  nought  for  9  «  86,  and  then  became  negative;  for  «  «>  62  it 
was  a  minimum  and  afterwards  increased;  q%  was  always  constant.  Next  the 
author  determined  the  connection  between  qi,  qs,  and  0,  and  eventually  he 
arrived  at  the  result  that 

ik,.]fe,(i  +  !L=i;i  +  ^f.) 

whenia  -  OK)05685;  6  ^  0-000U22;  e  -  OH)000O72. 

The  following  are  the  results  obtained  on  experiments  made  on  an  iron  it)d 
800  millimetres  long  and  8  millimetres  thick,  which  was  flrst  heated  to  a  red 
heat,  then  put  into  the  magnetising  spiral  and  allowed  to  cool  :— 

For  small  magnetising  forces  the  temporary  magnetic  moment  increases 
flrst  with  increasing  temperature,  reaches  a  maximum  at  a  red  heat,  and  then 
suddenly  feJls  to  nought. 

For  greater  magnetising  forces  the  temporary  magnetic  moment  decreases 
gradually  as  the  temperature  increases,  and  falls  suddenly  at  red  heat  to  a  very 
small  value.  A  large  number  of  experiments  were  made  on  the  first  appearance 
of  the  temporary  magnetism  at  a  white  heat,  and  it  was  found  to  be  stronger  for 
great  magnetising  forces  than  for  small  ones.  G-.  Gore  having  observed  that 
when  an  iron  wire  is  heated  it  becomes  suddenly  elongated  at  a  £ur  led  heat^ 
and  when  cooled  it  contracts  suddenly  at  the  same  temperature ;  also  that  the 
rod  suddenly  loses  a  part  of  its  temporary  magnetism  which  it  suddenly  regains 
at  the  same  temperature  on  cooling,  Hr«  Bauer  made  experiments  to  detennine 
how  to  the  phenomenon  was  dependent  on  the  value  of  the  magnetittng  fbioe 
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and  he  fbnnd  that  Gore's  phenomenon  hecame  more  marked^  lasted  for  a  longer 
ttme,  and  occurred  at  a  higher  temperature  the  greater  was  the  magnetising 
force— that  is,  for  small  magnetising  forces  the  phenomenon  commenced  at  a 
height  heat  and  ended  at  a  doll  red,  whereas  for  great  magnetising  forces 
it  €ontinaed  from  a  very  white  heat  until  the  rod  had  hecome  quite  dark. 

The  remainder  of  the  paper  deals  with  experiments  on  the  coefficient  of 
magnetisation  of  iron  wires,  iron  rods,  and  of  electrol3rtic  iron  prepared  hy 
passing  a  weak  current  through  a  solution  of  iron  sulphate,  and  it  was  found 
tiiat  the  maximum  ralue  oi  the  coefficient  was  yerj  quickly  reached  in 
ordinary  iron,  a  little  later  in  iron  filings,  and  latest  of  all  in  electrolytic  iron. 


J.  8TSFSAV— THE  LIFTINa  POWEB  OF  MAGNETS. 

(Proe60ding8  qf  <A#  Aeadrnn^  qf  Boienee,  B.  LXXXI;  Tari  U^  Jamtary,  1880.) 

In  considenitions  of  lifting  power  of  magnets,  three  kinds  of  force  must  be 
distingoished,  yiz. :  1,  the  attraction  of  the  oppositely  magnetised  portions  in 
contact ;  2,  the  attraction  of  the  free  magnetism  of  the  magnet  on  the  portion 
of  the  armature  in  contact ;  8,  the  attraction  of  the  firee  magnetisms  in  the 
magnet  and  in  the  armature  on  one  another. 

The  author  discusses  a  ring  magnet  magnetised  by  a  spiral  coiled  round  it, 
and  through  which  a  current  passes,  and  he  shows  that,  if  one-half  of  this  ring 
be  regarded  as  magnet  and  the  other  half  as  armature,  the  attractiye  force  is 
tv  fAq  where  /a  is  the  magnetic  moment  per  unit  of  yolume,  and  q  the  area 
of  the  surfitce  in  contact.  This  formula  is  only  applicable  when,  1,  neither 
magnet  nor  armature  contain  any  free  magnetism ;  2,  the  lines  of  force  are  at 
rigiht  angles  to  the  surfaces  in  contact ;  and,  B,  the  intensity  of  magnetisation 
is  the  same  at  all  points  of  the  surfaces  in  contact.  K.  Btephan  considers 
experiments  of  Bowland*s  on  the  maximum  value  of  the  coefficient  of 
magnetisation  and  Joule's  experiments  on  the  actual  lifting  power  of  magnets, 
the  former  having  arrived  at  the  conclusion  that  a  lifting  power  of  177  lbs* 
per  square  inch  would  be  the  maximum  attainable,  while  the  latter  had 
obtained  experimentally  176  lbs.  The  author  criticises  the  statement  in 
Jenkin's  **  Electricity  **  that  Joule  obtained  200  lbs.  per  square  inch,  since  he 
oonsidefs  Joule  only  regarded  200  lbs.  per  square  inch  as  a  possible  attainable 
maximum.  Yery  few  experiments  have  been  made  with  electro-magnets 
sufficiently  symmetrical  to  allow  of  exact  calculations  being  made,  those  of 
y.  Waltenhofen,  however,  with  ring  magnets  being,  to  a  certain  extent,  an 
exception,  and  in  these  a  maximum  force  of  240  lbs.  per  square  inch  was 
obtained,  but  even  this  number  can  only  be  regarded  as  approximate. 
Bowland's  experiments  are  next  considered,  and  the  author  shows  the  import- 
ance of  drawing  a  curve  having  for  abscissse  the  magnetic  moment  per 
unit  Tolume,  and  for  ordinates  the  ratio  of  this  magnetic  moment  to  the 
magxietising  force,  and  which  ratio  quickly  reaches  a  maximum,  then  Iklls 
and  appruxhnatei  to  a  straight  line,  cutting  the  axis  of  «  at  a  small  angle. 

If  the  plana  caMbkg  the  ring  be  not  at  right  angles  to  the  lines  of  foroe. 
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the  lifting  power  will  be  less  than  before,  even  although  the  surfaces  in  contact 
are  larger  in  area ;  and  the  author  8how»  that  this  lifting  power  if  equal  to 
2wfA^fiq  sin.  e,  where  e  is  the  angle  between  the  lines  of  force  in  the  ring  and 
the  normal  to  the  section ;  and  when  the  ring  is  divided  into  two  parts,  the 
lengths  of  which  are  as  5  to  1,  the  lifting  power  is  shown  to  be  only  half  of 
that  obtained  when  the  ring  is  divided  into  two  equal  portions.  The  author 
next  considers  the  change  produced  by  the  lines  of  force  in  different  parts  of 
the  section  not  meeting  the  plane  of  the  section  at  the  same  angle,  and  after, 
wards  the  alteration  arising  from  the  intensity  of  magnetisation  being  diffsrent 
in  the  interior  parts  of  the  ring  from  what  it  is  near  the  surface. 

The  case  of  the  magnet  and  its  armature  forming  a  ball  is  next  entered 
into.  In  a  ball  magnetised  by  a  current  flowing  in  a  coil  of  wire  wound  round 
it,  the  magnetism  is  uniform  throughout,  and  there  is  no  free  magnetism 
except  on  the  surface.  If,  by  a  plane  at  right  angles  to  the  magnetic  axis,  the 
ball  be  divided  into  magnet  and  armature,  the  lifting  power  due  to  the  magnet- 
ism  at  the  surfaces  of  contact  will  be  2  v  /i'  9,  where  fi  is  the  magnetic  moment 
per  unit  volume,  and  q  the  area  of  the  surfaces  in  contact.  In  addition  to  this, 
however,  must  be  considered  the  actions  of  the  free  magnetism  on  the  magnet, 
on  the  free  magnetism  on  the  armature,  and  on  the  magnetism  on  the  contact 
surface  of  the  armature,  and  the  amount  of  this  subtraction  is  proved  to  be 
equal  to  »  /*•  g  (j.  —  cos.*  a)  —  I  »  /*'  9  where  a  is  the  angle  between  the 
magnetic  axis  and  the  radius  drawn  to  the  edge  of  the  contact  surface.  Hence 
the  total  lifting  power  of  the  magnet  is  equal  to  n*  /*•  a«  sin.*  a  where  a  is  the 
radius  of  the  ball.  This  expression  has  a  maximum  when  a  —  0,  that  is,  when 
the  magnet  and  the  armature  are  each  half  the  ball. 


K.  HSBWZO— ON  THE  INFLUENCE  OF  TEMPEBATUBE  ON  THE 
PHENOMENA  OF  CHAEGE  OF  A  FLUID  CELL  ACTING  AS  A 
CONDENSER. 

{Annalm  der  Phytik  und  Chemie,  B.  XI.,  H,  4,  No,  12,  pp.  661-686.) 

It  had  been  known  that  in  a  liquid  cell  with  platinum  electrodes,  the  liquid 
being  water,  the  polarisation  produced  by  electrolysing  currents  decreases  with 
an  increase  of  temperature.  This  was  explained  on  the  hypothesis  that  at  a 
higher  temperature  the  gaseous  products  of  decomposition  were  farther  removed 
from  the  electrodes.  Exner  considered  that  a  smaller  quantity  of  peroxide  of 
hydrogen  was  formed.  The  author  made  a  long  series  of  experiments  on  the 
subject^  in  all  156,  the  results  of  which  are  given  in  numerous  tables.  He 
followed  the  example  of  Beetz  in  experimenting  with  small  electro-motive 
forces,  varying  from  0*474  volts  to  0*88  volts.  The  liquid  cell  was  supported  ia 
such  manner  that  it  could  be  surrounded  by  a  bath  which  could  be  heated  to 
any  desired  temperature,  without  being  in  any  way  disturbed.  The  tempera- 
ture of  the  cell  was  read  off  on  a  thermometer  immersed  in  it.  The  electrodes 
were  very  long  and  thick  polished  plates  of  platinum,  which  only  dipped 
partially  into  the  liquid  in  the  cell;  the  area  of  the  immersed  portion  was 
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carefully  detennined  in  each  experiment.  The  liquid  used  was  water  slightly 
acidulated  with  sulphuric  acid,  the  resistance  of  which  wag  extremely  small  in 
comparison  with  that  of  the  wire  completing  the  circuit  of  the  cell  (19,100  ohms). 
The  values  obtained  show  that  a  very  much  stronger  electrolytic  convection 
takes  place  at  higher  temperatures  than  at  lower,  a  result  which  has  been  also 
stated  by  Helmholtz.  To  compare  the  experiments  made  at  different  tempera- 
tures, the  discharge  currents  were  observed,  after  a  long-continued  charging, 
which  got  rid  of  the  first  fluctuations  of  the  convection  resistance.  The  discharge 
was  observed  during  one  minute,  the  minute  being  divided  into  four  equal 
parts ;  the  first  interval  of  fifteen  seconds  was  sub-divided  at  the  instant  when 
the  needle  of  the  galvanometer  completed  its  first  deflection  a.  At  this  instant 
the  current  strength  is  given  by  the  formula 


^1 


1  +  e-A 


where  x  is  the  damping.    If  <i  is  the  time  of  the  first  deflection,  then,  as  shown 
in  a  former  paper,  if  ^i  is  the  original  intensity 
e      ^         ti  log,  g 
1.1       log.  4>o  —  log.  ^1 

If  ^  is  the  intensity  after  fifteen  seconds,  then 

gj  .  (15  —  ti )  log,  e 
1^1  *  log.  ^i  —  log.  ^ 
H      » 

The  current  strength  is  then  calculated  from  the  formulse 
h 


/''*'^^(kT^)1'-*'"^^^^^^} 


and 


0 

15 


The  sum  of  these  expressions  gives  very  nearly  the  current  strength  during 
the  first  15  seconds  of  the  discharge.  The  quantity  of  electricity  for  the  follow- 
ing 45  seconds  is  obtained  from  the  formula 


16(f +^+*.  +  f) 


where  ^  ^4,  ^5  are  the  values  of  the  current  strength  at  80,  45,  and  60  seconds, 
respectively,  after  the  commencement  of  the  discharge.  The  quantity  of 
charge,  other  than  that  shown  by  the  return  current|  was  found  from  the 
formnla 

0 
In  each  experiment,  besides  the  temperature,  the  other  feustors  were  varied, 
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viz^  the  electro-motive  force  used  for  charging  the  cell^  the  size  of  the  electrodes, 
the  degree  of  concentration  of  the  liquid,  and  consequently  its  oonductivity, 
and  the  direction  of  the  charging  current.  The  following  are  the  most  im- 
portant results  obtained  :— 

1.  The  convection  resistances  decrease  markedly  with  increasing  tempera- 
ture, and  more  with  small  electro-motive  forces  than  with  large. 

2.  According  to  the  quantity  of  the  convection  resistances,  the  relations  of 
the  quantities  of  electricity  really  flowing  back  in  the  discharge  currents  at 
increasing  temperatures  may  prove  to  be  quite  different. 

S.  If,  besides  the  quantities  of  electricity  really,  flowing  back  in  the 
discharge  currents,  those  which  flow  out  of  the  condenser  simultaneously 
during  the  discharge  in  the  direction  of  the  charging  current,  owing  to  the 
convection  process,  be  taken  into  account,  higher  values  are  obtained  for  the 
quantities  of  charge  (e  Q)  under  all  circumstances  at  higher  temperatures.  If* 
the  convection  resistance  is  infinite,  the  charge  and  the  current  intensity 
coincide.  Hence  in  a  case  not  disturbed  by  electrolytic  convection,  the  charge 
as  well  as  the  discharge  current  would  be  fbund  much  greater  at  higher 
temperatures. 

4.  The  influence  of  teptiperature  is  decidedly  stronger  for  smaller  electro- 
motive forces  than  for  larger. 

5.  The  course  of  the  discharge  is  always  decidedly  slower  at  higher  tem- 
peratures. The  better  rearrangement  of  the  molecules  at  higher  temperatures 
occurs  therefore  at  first  quite  gradually. 

6.  The  above  relation  holds  for  smaller  electro-motive  forces  in  a  higher 
degree  than  for  larger. 

7.  Under  otherwise  similar  circumstances  the  stronger  electro-motive 
forces  require  throughout  at  lower  temperatures  a  slower  course  of  dischM^ ; 
at  higher  temperatures,  on  the  contrary,  just  as  quick,  sometimes  even  a 
quicker  course  than  the  weaker  forces. 

8.  Greater  or  less  concentration  of  the  liquid  has  no  perceptible  influence 
on  the  phenomena. 

9.  Larger  surfaces  of  the  electrodes  require  always  a  slower  course  of 
discharge. 

In  order  further  to  investigate  the  question,  the  author  made  use  of  a  glass 
tube  1  cm.  in  diameter,  bent  five  times,  and  filled  with  very  dilute  sulphuric 
acid;  in  the  open  upper  ends  of  the  tube  two  small  platinum  plates  were 
placed  to  serve  as  electrodes.  Tlie  intermediate  portion  of  the  tube  was 
immersed  in  a  cold  bath,  so  that  only  that  portion  of  the  liquid  in  the 
neighbourhood  of  the  electrodes  became  warmed.  In  this  case  the  influence  of 
the  temperature  was  predominant  near  the  electrodes,  and  did  not  occur  in  the 
intermediate  liquid.  Besides,  a  distinct  diminution  of  the  convection  resistance 
was  quite  immistakable,  especially  in  the  intermediate  liquid.  Since  the 
resistance  of  the  liquid  was  extremely  small  in  comparison  with  the  wire 
resistance  of  the  circuit,  this  last  relation  could  not  be  explained  by  what 
occurred  merely  at  the  electrodes. 
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The  aathor  next  limited  his  observations  to  the  two  electrodes.  The  thick 
yU».i>^iin  plates  used  in  the  first  experiments  were  immersed  separately  in  two 
beakers,  which  were  connected  by  a  siphon,  each  beaker  being  sorroanded  by  a 
bath.  The  liquid  resistance  was  again  small  in  comparison  with  that  of  the 
rest  of  the  circuit  (19^00  ohms).    From  these  observations  he  concluded — 

10.  The  convection  resistance  is  diminished  in  a  great  degree,  if  there  is  a 
high  temperature  at  only  one  electrode.  Moreover,  the  heating  of  the  anode 
has  decidedly  more  effect. 

11.  The  charges  are  increased  if  the  kathode  is  heated. 

la.  With  the  increased  action  of  the  h^ted  kathode  at  the  commencement  * 
of  a  aeries  of  experiments,  is  connected  a  slower  course  of  discharge,  as  compared 
with  the  heating  of  the  anode. 

IS.  The  observation  in  No.  11  could  not  be  made  with  the  strongest  electro- 
motive force  used  (0.88  volts). 

14.  In  cases  where  the  difBurences  of  charge  for  heated  anode  or  kathode 
are  great,  the  charges  obtained  when  both  electrodes  are  heated  together 
apinroximate  to  the  charges  obtained  when  the  kathode  alone  is  heated.  If  the 
differences  for  the  two  electrodes  are  small,  the  charges,  when  both  are  heated 
simultaneously,  are  decidedly  greater.  The  author  concludes  that  the  most 
important  results  obtained  may  be  explained  by  the  greater  freedom  with 
which  the  gas  collected  at  the  one  electrode  returns  through  the  liquid  to  the 
other,  if  the  electrodes  are  heated,  thereby  rendering  new  convection  currents 
possible.  On  the  other  hand,  a  larger  charge  is  obtained  by  heating  the  kathode. 
The  increased  mobility  of  the  electrolytic  molecules  at  higher  temperatures 
explain  the  increase  of  chaige.  The  electricity  coUecting  at  the  electrodes  is 
in  a  position  to  bring  about  more  easily  the  rearrangement  of  the  molecules, 
and  consequently  increases  the  capacity  of  the  cell.  The  rearrangement  of  the 
molecules  proceeds  most  powerfully  from  the  kathode, «.«.,  from  the  electrode 
mo9t  firee  from  gas,  which  can  easily  be  understood,  since  here  the  charged 
surface  of  the  platinum  plate  is  in  immediate  contact  with  the  molecules  of 
the  liquid.  The  gas  which  has  been  absorbed  by  the  electrodes  is  set  free  more 
easily  at  a  higher  temperature,  and  also  assists  the  above  cause,  since  the 
setting  tree  of  the  gas  renders  possible  a  stronger  convection  current  If  the 
conclusions  as  to  the  parts  played  by  each  electrode  are  right,  then  these 
functions  will  be  reverted  if  the  gas  essentially  concerned  is  hydrogen  in  place 
of  oxygen.  To  test  this,  both  electrodes  were  first  covered  with  a  film  of 
hydrogen  in  another  cell.  On  the  experiment  being  performed,  the  anticipated 
result  was  obtained.  The  author  also  made  some  experiments  on  the  pro- 
duction of  thermo-electric  currents  between  hot  and  cold  platinum  plates 
immersed  in  dilute  sulphuric  acid.  With  an  absorption  of  oxygen,  the  current 
in  the  liquid  was  firom  the  hot  to  the  cold  platinum,  and  the  converse  when 
the  l^drogen  was  absorbed.  The  stronger  convection  currents  in  the  former 
experiments  follow  the  same  course. 


eS  ABSTBAOTS. 

W.  K0LT2— ON  THE  IKOBEASE  OF  DANGER  FfiOM  LIGHTNING, 
AND  ITS  PBOBABLE  CAUSES. 

{Anmahn  d&r  Fh^tik  imd  Chvme,  B.  XL,  H.  4,  No.  12,  pp.  719-722.) 

The  author  refers  to  a  comparison  made  by  Yon  Bezold,  in  1869,  between 
the  increasing  frequency  of  thunderstorms  and  the  increasing  frequency  of 
lightning  strokes  in  Bavaria,  from  which  the  latter  concluded  that  the  one  was 
the  cause  of  the  other.  The  author  has  investigated  whether  the  increase  of 
lightning  strokes  in  recent  times  holds  good  generally,  and,  further,  if  the 
causes  are  to  be  sought  for  in  meteorological,  or  rather  in  terrestrial  changes. 
The  data  were  taken  from  the  records  of  the  meteorological  stations,  and  of  the 
insurance  offices,  and  are  set  out  in  the  following  table,  in  which  danger  from 
lightning  is  taken  as  the  quotient  of  the  number  of  houses  struck,  and  the  total 
number  of  houses  in  the  district : — 


DurmxcT. 

Deenaie  or  laertaM  of 

Thunder  Storms 

Deereaae  or  Inorease  of  Danger 
from  Lightning 

Slnoe 
IBM. 

Bfnce 
1862. 

Since 
1870. 

Since 
18M. 

Since 

isei. 

Since 
1870. 

115 

1S5 

105 

20 

2-64 

2-51 

105 

11 

East 

097 

115 

0-88 

15 

2-86 

2-69 

1-45 

5 

North       „ 

M 

1-81 

0-97 

28 

2-87 

2-84 

1-26 

8 

South       „ 

104 

1-21 

1 

12 

2-85 

211 

0-99 

8 

Germany  (generally) 

1-07 

1-27 

0-98 

85 

275 

2-67 

M2 

16 

Austria    

0*88 

079 

0-97 

7 

175 

1-24 

106 

2 

Switzerland    

... 

1 

1-03 

2 

2-07 

1-83 

112 

4 

From  the  first  and  last  mean  of  four  years  the  first  mean  =  i. 

These  tables  show  that  the  increase  of  thunderstorms  is  only  extremely 
small,  and  changes  to  a  decrease ;  while  the  increase  of  danger  from  lightning 
is  surprisingly  great,  and  in  no  instance  changes  to  a  decrease.  The  author 
GOQckides  that  the  increase  in  danger  from  lightning  is  to  be  sought  for  in  ter- 
rei^trial  <'li binges.  Among  these  may  be  placed  the  increase  in  cleared  forest 
land,  and  perhaps  the  increase  of  railroads,  since  both  these  tend  to  attract 
thunderstorms  to  towns  and  villages;  also  the  increase,  in  recent  years,  of  the 
quantity  of  metallic  material  used  in  building,  as  in  ornamental  roof  work  and 
In  gas  anfl  water-piping. 


^ 


PELLAT— EXPEBIMBNTS  ON  THE  DIFFEBEKCE  OP  POTENTIAL 
OF  TWO  METALS  IN  CONTACT. 

{JownaX  de  Fhyaique,  T.  X.,  No.  110,  February  1881,  pp,  68-76.) 

The  author  used  his  apparatos  described  in  vol.  IX.,  p.  145  of  the  Journal 
Fhifiiq^ie,  and  abstracted  in  Vol.  IX.,  No.  83,  p.  826,  of  this  Journal,  to 
arminc  how  the  apparent  difference  of  potential  depended  on  the  superficial 
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layer  of  sabstanoes  opposed  to  one  another.  A  plate  of  copper  was  chemically 
cleaned,  and  found  to  have  electro-motiTe  force  of  contact  with  gold  equal  to 
0*187  Latimer  Clark'i  cells.  The  copper  plate  was  placed  fbr  an  instant  in 
sulphuretted  hydrogen  gas  and  then  washed  again  in  alcohol,  but  the  electro- 
motive ferce  of  contact  with  j[old  had  gone  up  to  0*201.  Experiments  were  next 
made  with  a  plate  of  zinc  with  gold,  and  it  was  found  that  the  electro-motive 
force  of  contact,  which  was  0*698  just  after  the  zinc  had  been  most  carefully 
cleaned,  diminished  to  0*623  in  a  quarter  of  an  hour,  the  plates  being  in  the  air 
and  no  visible  alteration  having  occurred  at  the  surface  of  the  zinc.  The  effect 
of  rubbing  the  surface  of  the  zinc  in  different  ways  was  next  tried,  and  the 
author  arrived  at  the  result  that  all  metals  became  more  positive  when  the 
surface  was  rubbed ;  that  this  effect  died  away  slowly  if  the  scratching  had  been 
deep  when  emery  paper  was  used,  and  more  quickly  if  the  rubbing  had  been 
less  deep,  filtering  paper  being  only  employed  in  the  cleaning.  Zinc  showed  the 
greatest  change  with  the  mode  of  cleaning  the  surface,  and  copper  the  least. 

Experiments  were  next  made  on  the  effect  produced  by  altering  the  pressure 
of  a  gas  surrounding  the  plates,  and  which  was  chemically  inactive ;  the  results 
arrived  at  were  that  the  difference  of  potential  increased  with  diminution  of 
potential,  and  regained  its  original  value  when  the  pressure  was  again  increased, 
the  greatest  change  in  any  case  obtained  being  not  more  than  ^  of  the  total 
difference  of  potential.  A  curve  is  given  showing  the  variation  of  difference  of 
potential  with  variation  of  pressure  when  the  gas  surrounding  both  plates  was 
oxygen.  The  author  found  that  the  substitution  of  one  gas  for  another  produced 
little  change  when  the  pressure  was  small.  The  author  next  investigated 
whether  two  metals  joined  by  a  liquid  arc  were  at  the  same  potential,  and  he 
considered  it  important  in  this  experiment  that  the  surfaces  opposed  to  one 
another  and  acting  inductively  on  one  another  should  be  those  that  are  joined 
by  the  liquid.  As,  however,  the  difference  of  potential  changes  with  time,  and 
as  it  was  the  first  difference  of  potential  he  desired  to  measure,  the  time  law 
of  change  was  determined  by  several  experiments,  and  thus  the  initial  diflbr- 
ence  of  potential  arrived  at  by  interpolation.  The  conclusion  arrived  at  was 
that  joining  two  metals  by  alcohol  reduced  at  the  first  moment  th^  sur&ces 
touched  by  the  alcohol  absolutely  to  the  same  potential,  a  conclusion  that  can 
be  usefully  employed  in  determining  the  difference  ef  potentials  of  rare  metals 
that  cannot  be  obtained  in  plates. 
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The  Ninety-sixth  Ordinary  General  Meeting  of  the  Society  was 
held  on  Thursday  evening,  February  24thy  1881,  at  the 
Institute  of  Civil  Engineers,  25,  Great  George  Street,  West. 
minster— Professor  0.  0.  F0STEB|  F.R.S.  (President),  in  the 
Chair. 

The  minutes  of  the  last  meeting  were  read  and  confirmed,  and 
the  names  of  transferees  and  new  candidates  announced. 

The  Segbetaby  then  read  the  following  communication  :— 

"  LoNDOK,  February  ISth,  1881. 

"EARTH  CURRENTS. 

''  On  the  1st  of  April,  1878,  I  published  in  the  Telegraphie 
Journal  a  series  of  earth-current  observations  on  the  Scotch- 
Norwegian  cable.  The  results  I  then  arrived  at,  through  obser- 
vations  carried  out  every  hour  for  about  two  months,  were  as 
follows.* — 

*'  1.  That  the  current  changes  direction  about  every  six  hours, 
{.e.,  four  times  in  the  twenty-four  hours. 

^*2.  That  the  normal  maximum  strength  of  the  current 
scarcely  ever  exceeds  3  to  4  Leclanch^'s  cells,  i.e.,  an  E.M.F.  of 
about  5  volts. 

**  3.  That  the  current  after  each  change  of  direction  increases 
TOL.  X.  6 
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gradually  from  a  minimum  to  a  certain  maximum  streogtb,  and 

then  again  decreases,  until  it  finally  assumes  an  opposite  direction. 

**  Not  being  able,  through  further  observations,  to  obtain  any 

other  results,  the  work  was  discontinued  for  some  time,  and  was 

only  resumed  last  winter,  when  it  was  noticed  and  pointed  out  to 

me  that  the  change  in  the  direction  of  the  current  coincided  with 

that  of  the  Udal  wave. 

**  Che.  Debsing,  Member.'* 

Mr.  Debsino^  on  i)eing  asked  if  he  desired  to  supplement  Us 
paper  with  aiiy  remarks,  said :  I  have  very  few  remarks  to  make 
b^^cmd-those- which  the  Secretary  has  been  kind  enongh  tcsead. 
It  may  be  to  the  interest  of  the  Society  to  know  that  the  observa- 
tions related  were  carried  out  by  means  of  an  ordinary  galvanoscope, 
but  a  rather  sensitive  one,  of  a  resistance  of  about  1^200  units*.  It 
was  clearly  proved,  after  about  a  fortnight's  observations,  that  the 
current  cJianged  in  direction  every  six  hours ;  but  it  did  not  .occur 
to  me  at  the  time  that  that  result  was  in  auy  way  connected  with 
the  moon.  Lately,  however,  one  of  my  friends,  who  is  stationed  at 
the  Scotch  end  of  the  cable  referred  to  in  my  note,  found  out  that 
every  time  the  tide  along  the  coast  changed,  the  direction  of  the 
galvanometer  deflection  was  changed  also — that  for  every  three 
hours  the  deflection  gradually  increased  until  it  attained  a  certain 
maximum,  when  4t' gradually  decreased  for  another  three  hours, 
when  it  reached  zero  and  resumed  an  opposite  direction. 

Mr.  W.  Ellis  (Greenwich  Observatory) :  I  was  not  present 
when  Mr.' Adams'  pi^Mor  was  read,  nor  do  I  know  what  discussion 
took  place  upon  it,  but  I  have  thought  that  it  inight  be  interesting 
to  the  members  of  the  Society  if  I  were  to  describe  what  occurred 
at  Greenwich  on  the  occasion  of  the  magnetic  storm  of  the  31st  of 
January  last,  as  illustrating  the  connection  between  earth-current 
and  magnetic  disturbance. 

With  the  permission  of  the  Astronomer«Boyal,  I  have  brought 
with  me  this  evening  the  j^tographic  registers  for  that  day.  I 
am  sorry  to  say  that  the  registers  are  on  so  small  a  scale  that  they 
cannot  be  seen  at  a  distance ;  but  I  will  hand  them  to  the  Council 
for  present  examination,  and  shall  be  bappy  to  offer  explanations 
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of  the  indications  to  any  members  who  may  desire  to  inspect  them 
at  the  close  of  the  meeting. 

The  photographs  exhibit  the  variations  of  magnetic  declination, 
of  magnetic  horizontal  force,  and  of  magnetic  vertical  force.  The 
earth  currents  are  those  registered  in  two  lines,  one  extending  from 
the  Observatory  to  Angerstein  Wharf,  situated  on  the  river  bank, 
near  Charlton ;  the  other  extending  from  the  Observatory  to  the 
south  end  of  the  Blackheath  tunnel. 

On  January  31st,  1881,  disturbance  became  marked  between 
3  and  4  p.m.,  as  appears  by  all  the  naagnetic  and  by  both  earth- 
current  registers.  Qreat  activity  continued  to  be  shown  imtil 
between  8  and  9  p.no.^  the  disturbances,  both  magnetic  and  earth- 
current,  all  fading  away  together.  Then,  after  a  time  of  quiet, 
between  midnight  and  1  a.m.  on  the  folbwing  morning,  there  wafi 
a  sharp  bend  shown  on  all  the  magnetic  registers,  with  corresponding 
sharp  bends  in  both  of  the  earth-current  registers.  No  better 
example  than  these  sheets  affc»:d  can  be  given  of  the  circumstance 
that  magnetic  and  earth-current  disturbances  are  practically 
simultaneous  :  they  begin  together  and  end  together,  and  it  is 
this  point  that  I  wish  to  impress  strongly  to-night  upon  the 
attention  of  members.  It  is  what  always  occurs :  unusual  mag. 
netic  disturbance  is  always  accompanied  by  active  earth  currents. 
There  appears  to  be  no  exception  to  this  rule,  and  examination  ov 
any  number  of  sheets  would  only  corroborate  the  evidence  given 
by  these.  The  same  result  is  always  seen.  As  contrasting  with 
the  records  for  January  31st,  I  have  brought  those  for  the  previous 
January  13th:  it  will  be  seen  that  the  registers  are  all  alike  quiet, 
the  earth-current  traces  being  nearly  straight  lines.  Thus  earth- 
current  activity  and  magnetic  activity  go  entirely  together.  The 
appearance  of  aurora  in  our  latitudes  is  also  always  accompanied 
by  magnetic  disturbance.  But  we  may  go  a  step  further.  If  I 
were  to  ask  any  person,  not  conversant  with  magnetism  or 
agronomy,  tp  pick  out  from  our  photographic  records  for  the  last 
thirfy  years  the  periods  in  which  the  curves  are  boldest,  and  in 
which  there  is  most  activity  shown,  he  would^  with  little  hesitation, 
select  the  periods  in  which  the  sun  is  known  by  astronomical 
observation  to  have  manifested  in  the  greatest  degree  that  energy 
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which  is  made  visible  to  us  by  the  increase  in  the  number  and  < 
magnitude  of  solar  spots.  These  four  forms  of  energy  appear  to 
be  thus  all  related.  The  relation  in  time  between  magnetic  and 
earth-current  disturbance  is  complete,  even  in  details,  but  the 
relation  with  solar  change  seems,  so  far  as  has  been  ascertained, 
to  be  more  general.  It  is  on  record  that  sudden  outbursts  on  the 
solar  surface  have  been  accompanied  by  immediate  magnetic 
disturbance,  but  whether  every  change  that  occurs  in  the  sun  in 
disturbed  times  has  its  counterpart  in  magnetic  disturbance  on  the 
earth,  or,  indeed,  whether  it  should  be  expected  to  find  its  exact 
counterpart,  seems  a'  matter  for  further  inquiry,  although  the 
general  relation  between  disturbed  periods  and  quiet  periods  is 
most  marked. 

I  should  like  to  corroborate  what  Mr.  Whipple  of  the  Kew 
Observatory  has  quite  recently  made  known  in  Nature^  which  is, 
that  the  electrical  condition  of  the  atmosphere  near  to  the  earth's 
surface,  as  indicated  by  Thomson's  self-recording  electrometer, 
appears  to  be  in  no  way  unusually  affected  at  the  times  of  magnetic 
storms. 

Perhaps  I  might  add  a  few  words  in  regard  to  magnetic 
inequalities  of  regular  period.  This  information  I  take  entirely 
from  the  Oreenvnch  Observations. 

At  the  Boyal  Observatory,  the  magnetic  variations  are  mea- 
sured by  three  magnets :  one,  the  declination  or  ordinary  variation 
magnet,  placed  in  the  magnetic  meridian;  one,  constrained  by 
torsion  to  take  a  position  transverse  to  the  meridian,  for  measure 
of  variations  of  horizontal  force  ;  and  one,  supported  on  knife* 
edges,  for  measure  of  variations  of  vertical  force. 

First,  as  regards  solar  inequalities.  The  diurnal  inequality 
exhibits  principally  one  maximum  and  one  minimum.  The 
western  declination  maximum  occurs,  on  the  average,  about  1 
or  2  p.m.,  and  the  minimum  about  8  a.m.,  the  difference 
between  the  extreme  positions  being  about  9  minutes  of  arc.  In 
different  years  and  in  different  seasons  of  the  year,  these  particulars 
somewhat  vary.  The  horizontal  force  is,  on  the  average,  greatest 
at  night  and  least  rather  before  noon,  the  difference  between  its 
greatest  and  least  values  being  about  zlu  part  of  the  whole  hori- 
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zontal  force.  The  vertical  force  appears  to  be  greatest  by  day 
and  least  by  night  As  regards  lunar  inequalities,  there  appears  to 
be  no  distinct  inequality  dependent  on  the  age  of  the  moon  ;  bat 
there  is  a  sensible  inequality  depending  on  the  position  of  the 
moon  with  regard  to  the  meridian,  its  character,  unlike  the 
solar  inequality,  being  mainly  semi-diurnal,  that  is  to  say,  it 
goes  through  its  changes  twice  in  the  lunar  day.  Maxima  occur 
both  with  regard  to  declination  and  horizontal  force  at  about 
1  or  2  a.m.  and  p.m.,  roughly  speaking,  and  minima  at  about 
7  or  8  a.m.  and  p.m.,  the  variations  being  much  smaller  in 
magnitude  than  the  solar  variations.  The  Astronomer*Boyal 
pointed  out  that  these  lunar  variations  might  be  represented  by 
one  force  which  is  alternately  positive  and  negative,  and  which 
goes  through  its  changes  twice  in  the  lunar  day,  the  direction  of 
the  force  being  north-west  and  south-east  (magnetic)  nearly. 
These  results  are  to  be  found  in  the  Oreenwich  Obaervaiians  for 
1859  and  1867.  In  a  paper  published  in  the  PhUoaophiocd  Trcms- 
actions  for  1870,  the  Astronomer-Boyal  pointed  out  the  existence 
of  a  diurnal  inequality  as  regards  earth  currents,  but  the  results 
were  not  discussed  with  respect  to  the  position  of  the  moon ;  and  in 
anoUier  paper  to  be  found  in  the  Philoaophical  Transactions  for 
1868,  he  made  a  comparison  between  magnetic  storms  and  earth, 
current  disturbances.  I  allude  to  these  earth-current  papers  in 
order  that  it  may  be  known  that  such  papers  exist,  and  that 
members  can  refer  to  them.  I  beg  to  thank  the  meeting  for  the 
attention  given  to  my  few  remarks,  and  repeat  that  I  shall  be 
extremely  happy  to  describe  the  photographs  to  any  of  the  mem. 
bers  at  the  close  of  the  meeting. 

Mr.  S.  M.  BaneeB:  I  take  it  that  a  theory,  to  be  of  any 
service,  should  be  capable  of  application  to  existing  earth-current 
data,  and  not  to  one  particular  series  of  observations.  If  we  look  at 
Professor  Barlow's  results  in  1848,  when  he  took  readings  on  two 
wires  at  every  five  minutes  for  fourteen  days  and  nights,  at  Derby, 
and  published  in  the  Philosophical  Transactions  for  1849,  we  find 
that  the  maxima  and  minima  occurred  about  the  same  time  in 
each  twenty-four  hours.    In  the  Philosophical  Transactions  will 
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also  be  found  papers  on  the  same  subject  by  Mr.  C.  V.  Walker,* 
Professor  Balfonr  Stewart,  t  ^tnd  by  the  Astronomer-Royal^  In 
the  Transdctiona  of  the  Royal  Irish  Academy  are  papers  by 
Professor  Lloyd,  §  and  many  other  papers  in  other  scientific  pnb- 
licationsll  on  the  same  subject,  not  forgetting  a  valuable  one  by 
Mr.  J.  Graves,  of  Valentia,  in  the  Journal  of  this  Society.T 
They  all  point  to  one  conclusion,  that  there  are  certain  fixed  hours 
in  the  twenty-four  when  the  current  is  found  to  be  at  a  maximum, 
and  certain  fixed  hours  when  it  is  at  a  minimum,  and  my  own 
observations  have  led  me  to  the  same  conclusion.  Perhaps  the 
most  conclusive  papers  on  the  subject  are  the  two  by  the 
AJstronomer-Royal  in  the  Philosophical  Transactions  for  1868  and 
18'/0,  where  he  has  given  the  daily  curves,  produced  by  photo* 
graphy,  of  the  declination  magnet  and  the  magnet  actuated  by 
the  earth  currents  flowing  through  a  wire  which  extended  finom 
Greenwich  to  Crojrdon.  The  photograms  in  each  case  for  the 
same  periods  are  almost  identical,  both  in  the  greater  and  lesser 
curves;  a  greater  activity,  however,  is  displayed  by  the  earth, 
current  curves  where  slight  variations  take  place  which  the  declina- 
tion magnet  seems  incapable  of  suddenly  responding  to.  I  need 
scarcely  say  anything  in  reference  to  the  declination  magnet  more 
than  state  ''  that  it  is  generally  recognised  that  the  regular  solar- 
diurnal  variation,  when  freed  from  the  influence  of  disturbances, 
has  the  same  or  nearly  the  same  turning  hours  in  all  parts  of  the 
northern  hemisphere  which  are  beyond  the  magnetic  equator,  viz., 
an  extreme  easterly  elongation  about  8  a.m.,  and  an  extreme 
westerly  elongation  about  2  p.m.*'** 

A  point  which  requires  further  elucidation  in  Plate  3,  is 
where  these  earth  currents  are  stated  to  follow  the  moon  by  three 
or  four  hours.    Now,  if  the  earth  has  a  free  charge,  would  it  not 


•  1861  and  1862.  f  1861  and  1862. 

X  1868  and  1870,  §  1861  and  1862. 

g  7Van«.  Royal  Socieiy  Edin.,  1863»Profes8or  Balfour  Stewart  Amerieam, 
8eimee  and  Art  Journal^  Srd  Seriei,  1859, 1860,  1861— Professor  E.  Loomis.  "A 
Handbook  of  Practical  Telegraphy,"  by  E.  S.  Culley,  7th  edition. 

T  Vol  2, 1878. 

♦•  General  Sabine,  «St.  Helena  Observations,"  Vol.  2. 
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fdltow  directly  tnider  the  moon!  supposing  the  moon  to  be  the 
cause  of  ihese  currents.  We  hare  evidence  to  show  that  electric 
force  travels  as  fest  as  light  itself;^  therefore,  if  the  earth  has  a 
free  charge,  it  would  be  under  the  moon  by  inductive  action.  I 
would  also  ask  how  the  three  other  currents  are  to  be  set  in 
motion,  and  what  force  keeps  them  in  their  relative  positions  ? 

We  have  also  presented  to  us  lunar-diumal  curves,  on  Plate  6, 
of  several  places  of  observation ;  but  there  was  one  thing  which 
Mr.  Adams  omitted  to  point  out  in  reference  to  them,  and  that  is, 
where  is  the  moon  when  the  greatest  westerly  or  easterly  lunar 
d^ection  takes  place  1  It  is  this : — ^When  the  moon  passes  the 
meridian  of  Greenwich,  one  hour  afterwards  the  greatest  westerly 
lunar  deflection  takes  place,t  whereas  by  the  theory  it  should  be 
three  or  four  hours.  When  tiie  moon  passes  the  meridian  of 
Dublin  it  coincides  with  the  greatest  westerly  deflection,^  and,  if 
we  go  on  to  the  meridian  of  T<H<onto,  we  find  when  it  reaches 
there  the  greatest  easterly  lunar  deflection.§  Again,  when  the 
moon  passes  the  meridian  of  Hobarton  and  St.  Helena,  the  hours 
of  maxima  and  minima  differ  from  each  other  and  from  the  others, 
so  much  so  that  Professor  Lloyd  |  has  arrived  at  the  condusion, 
with  req)ect  to  the  so-called  lunar  deflections,  that  lunar  action  is 
its  remote  and  not  its  immediate  cause.  QeneralY  Sabine  also 
says,  from  Toronto  and  Falkland  Islands  being  both  easterly  or 
westerly  deflected  together,  while  Pekin  and  Hobarton  are  both 
deflected  together  in  the  same  direction  but  opposite  to  the  two 
former,  that  the  diumal-Iunar  variations  appear  to  divide  the 
earth  into  east  and  west  hemispheres,  and  not  north  and  souths 
This,  I  think,  is  against  the  lunar  theory  of  earth  currents. 

I  believe  I  can  explain  how  these  currents  are  formed  by  a 
sketch. 

Let  the  circle  represent  the  earth,  N  S  the  magnetic  poles  of 

•  Phil,  Tran$.j  1861— Professor  Balfour  Stewart.  Boyal  AstronomicaX  8ociety*8 
FrotfMdmyt,  1869. 

t  «'  Magnetical  and  Keteorological  Obsenrations,  GhrMnwieh,"  1878. 
J  "  A  Treatise  on  Magnetism,"  by  H.  Lloyd,  D J)^  D.O.L.    1874. 

§  Ibid.  I  Ibid. 
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the  earth,  W  E  the  magnetic  equator,  M  represent  a  declination 
magnet,  L  the  same  magnet  when  deflected  by  the  greatest  lunar. 


diurnal  force,  and  S  the  same  magnet  when  it  is  deflected  by  the 
greatest  solar-diurnal  force.  Now,  the  greatest  Itmar-diumal  force 
is  about  10  seconds  of  arc  as  a  maximum,  and  this,  according  to 
the  theoiy,  is  caused  by  the  earth  currents — that  is,  one  produces 
the  other ;  but  the  greatest  solar-deflection  is,  as  a  maximum,  about 
10  minutes  of  arc,  or  60  times  greater  than  the  lunar  deflection. 
This  deflection  has  not  been  taken  into  account. 

To  move  M  to  S,  it  is  necessary  that  the  toagnetic  influence 
should  be  increased  on  one  side  or  decreased  on  the  other  to 
cause  the  movement  of  the  needle  in  the  direction  indicated  :  this 
can  only  be  accomplished  by  some  different  arrangement  in  the 
lines  of  force.  Now,  the  earth  being  a  permanent  magnet  so  far  as  we 
are  at  present  concerned,  it  has  innumerable  lines  of  force  proceeding 
£rom  its  surface  in  all  directions,  to  re-enter  it  again,  in  all  proba- 
bility, after  travelling  some  thousands  of  miles  through  and  above 
our  atmosphere.  In  sketch,  let  F/  represent  the  plan  or  points 
where  two  such  lines  or  tubes  of  force  leave  the  earth,  one  on  each 
side,  so  as  to  balance  the  magnet.  If  the  line  of  force,  /,  which 
acts  on  the  right-hand  side  is  by  any  means  twisted  out  of  its 
course,  or  weakened  whilst  the  left-hand  force,  F,  remains  in  its 
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normal  atate,  the  equilibrium  would  be  destroyed,  and  the  magnet 
would  be  drawn  to  the  left ;  but  there  is  something  else  which 
must  occur  when  the  light-hand  force,  /,  is  being  weakened,  and 
it  is  this:  a  current  is  formed  in  any  eondudor  which  may  he 
pawing  through  that  line  of  force  at  the  time.  This  is  one  of  the 
laws  of  electro-magnetism,  and  I  do  not  think  it  has  been  fiilly 
appreciated  when  earth  currents  have  been  investigated.  To  pro. 
ceed,  it  may  be  asked  how  this  line  of  force  is  to  be  weakened  or 
twisted.  Professor  Faraday  proved  Uiat  oxygen,  which  forms  a 
portion  of  our  atmosphere,  is  magnetic,  and  any  magnetic  substance 
when  heated  loses  a  portion  of  its  magnetic  power,  so  that  our 
lines  of  force  emanating. from  the  earth  would  magnetise  the  atoms 
of  ogygen  and  arrange  them  in  order,  forming  a  magnetic  circuit ; 
but  when  the  sun  shines  on  these  atoms  of  oxygen,  it  would  weaken 
the  line  of  force,/  to  the  east  first,  upset  the  equilibrium  of  M,  and 
produce  the  deflection  of  the  magnet,  and  as  a  natural  consequence 
the  current :  therefore  what  is  true  for  one  line  or  tube  of  force 
is  true  for  the  innumerable  lines  of  force  proceeding  from  the 
earthy  and  the  conductors  which  these  lines  of  force  cut  is  the 
surface  of  our  earth  and  all  conducting  material  whatever  on  it. 
The  heat  from  the  sun,  which  affects  these  lines  of  force,  is  com. 
municated  slowly  downward  from  atom  to  atom,  so  as  to  produce  a 
succession  of  infinitesimal  changes  in  the  conducting  medium  of  the 
lines  of  force  and  in  the  current  so  produced;  but  the  whole 
summed  together  is  what  we  get  shown  by  the  declination  magnet 
and  the  currents  on  our  sensitive  galvanometers.  These  are  the 
currents,  I  believe,  which  we  have  under  discussion,  are  based  on 
known  laws,  and  must  form  an  integral  part  of  their  consideration. 
It  is  readily  conceivable,  from  what  I  have  just  stated,  that  these 
currents  are  affected  by  the  nature  of  the  countries  where  they  are 
recorded,  as  the  difference  in  radiation  and  absorption  of  heat  is 
vastly  different  in  rocky  or  wooded  lands ;  also  whether  there  are  any 
permanent  or  periodical  winds ;  whether  the  weather  is  hot,  wet,  or 
temperate  at  intervals ;  whether  it  is  an  inland  station  or  one  situated 
on  the  sea  coast — ^all  tend  to  make  these  currents  different  in  diffeient 
localities.  Say,  for  instance,  the  lines  of  force  are  being  gradually 
heated,  producing  a  steady  current,  when  suddenly  a  cold  cloud 
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rushes  into  tl^ese  lines  of  force,  and  at  once  alters  tjieir  magnetic 
power,  and  as  a  consequence  produces  an  induced  current  in  the' 
opposite  direction  to  that  previously  in  existence.  At  one  time  I 
could  make  a  fair  guess  as  to  the  stability  of  the  earth  currents  on 
the  wires,  by  paying  attention  to  the  weather.  Therefore,  the 
variations  which  we  get  in  these  currents  are  caused  by  differences 
in  temperature  or  the  thermo-difierential  state  of  the  atmosphere, 
and,  if'  studied  sufficiently,  a  law  may  be  derived  to  indicate  the 
quantity  of  heat  lost  or  gained,  and  it  follows  that  we  should  get 
greater  currents  in  summer  than  in  winter,  travelling  side  by  side 
with  the  thermo-curve.  The  direction  of  these  earth  currents  are 
determined  as  follows :— To  produce  the  magnetic  poles  of  our  globe  * 
would  require  a  positive  current  flowing  from  west  to  east  nearly, 
and  any  conductor  made  to  cut  the  lines  of  force  so  produced  would 
have  a  momentary  current  flowing  from  east  to  west ;  when  the 
conductor  is  withdrawn,  another  momentary  current  is  produced, 
flowing  west  to  east  It  matters  not  whether  it  is  the  inductor  or 
the  conductor  that  is  moved,  the  effect  is  the  same.  Hence  it 
follows  that  if  the  lines  of  force  are  weakened  or  strengthened,  we 
get  induced  currents  in  proportion  to  that  weakening  or  strengthen- 
ing, and  their  direction  is  the  same  as  if  the  whole  magnetism  had 
been  quenched  or  just  produced.  These  directions  agree  with  most 
of  the  earth-curreni  data. 

I  believe  the  whole  of  the  diurnal  movements  can  be  explained 
without  difficulty,  principally  by  thermal  causas. 

It  is  not  generally  known  that  these  earth  currents  can  and 
do  interfere  with  the  working  of  delicate  apparatus  in  the  postal 
system.  There  is  a  circuit  working  on  the  fast  speed  automatic 
system  between  London  and  Cork  which  runs  in  a  most  favourable 
direction  for  earth  currents.  I  have  known  it  for  a  fortnight  at  a 
stretch,  in  summer  time,  to  commence  work  with  a  certain  speed  at 
10  a.m.  and  to  keep  it  up  until  about  11.30  a.m.,  when  it  had  to 
be  reduced  until  nearly  2  p.m.,  after  which  time  the  speed  would 
again  go  up.  Of  late  years  a  translator  has  been  placed  on  the 
circuit,  which  prevents  the  opeed  going  down.  I  do  not  think  the 
lunar  or  tide  theory  will  account  for  ihis.* 

♦  63  miles  of  cable  in  the  circuit  across  the  Bt.  George's  ChanneL 
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I  haye  endeayoared  to  point  out  a  few  objeotions  to  the  lunar 
theory,  and  a  reason  for  a  solar  theory ;  however,  if  Mr.  Adams' 
earth-carrent  curve  is  free  from  polarisation  and  other  disturbances, 
it  is  passing  strange  that  for  upwards  of  sixteen  years  the  earth 
carrents  have  been  photographed  daily  at  the  Royal  Observatory, 
Greenwich,  and  yet  the  greatest  deflection  has  not  been  noticed  to 
follow  the  moon.  1870*  was  the  last  time,  so  feu:  as  I  can  trace, 
that  any  public  announcement  was  made  on  this  subject  by  the 
Observatory.  If  I  am  wrong  on  any  point  I  shall  be  most  happy 
to  be  corrected. 

Mr.  WiLLOUGHBY  Smith  :  At  our  last  meeting  Mr.  Wollaston 
stated  that  Professor  Faraday  had  informed  him  that  if  a  wire  were 
suspended  between  Shakespeare's  Cli£f,  Dover,  and  Cape  Grisnez, 
on  the  opposite  coast,  the  motion  of  the  tide  beneath  would  induce 
currents  of  electricity  in  the  wire.  I  think  Mr.  Wollaston  must 
haye  misunderstood  the  Professor.  Were  it  possible  to  so  suspend 
a  wire,  no  doubt  the  motion  of  the  same  would  induce  magnetic 
Tjurrents ;  but  I  do  not  believe  it  would  be  in  any  way  affected  by 
the  motion  of  the  water  beneath.  I  also  think  that  Mr.  Wollaston's 
data  must  be  incorrect  as  regards  the  gutta  percha  covered  wire 
submerged  between  the  same  points  in  1850,  as  no  experiments 
for  eaith  currents  were  made  on  that  line.  The  multiple  cable 
laid  the  following  year  contained  four  wires,  each  separately 
coyered  with  gutta  percha.  Two  of  the  wires  were  employed  for 
ordinary  work,  and  the  other  two  Mr.  Wollaston  says  he  experi- 
mmted  with  for  earth  currents.  Now,  wires  so  placed  are  not 
favourable  for  such  experiments,  as  the  induced  currents  from  the 
two  wires  in  which  strong  battery  currents  were  passing  would 
yitiate  the  results. 

To  enable  me  to  speak  with  more  confidence  as  to  any  effect  of 
the  tide  on  a  submerged  wire,  I  have  had,  since  our  last  meeting, 
two  wires,  500  yards  each  in  length,  laid  across  the  Thames,  at 
right  angles  to  the  run  of  the  tide.  One  of  the  lengths  consisted  of 
a  copper  wire,  covered  with  gutta  percha  only ;  the  other  length 
had  an  additional  coyering  of  hemp  and  iron  wires.  The  distant 
end  of  eadi  length  was  sealed,  or  insulated,  and  the  near  end  of 
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each  connected  to  earth  through  a  very  sensitive  astatic  minor- 
reflecting  galvanometer.  The  galvanometers  were  constantly 
watched  for  twelve  hours,  and  during  that  time  not  the  slightest 
deflection  was  observed,  although  half  a  division  on  the  scale  would 
only  have  been  equal  to  the  biIoo  pturt  of  a  volt.  I,  therefore,  am 
of  opinion  that,  whether  part  of  the  wire  Mr.  Adams  employed  for 
his  experiment  passed  under  or  over  the  Severn,  it  was  in  no  way 
afiected  by  the  ebb  or  flow  of  the  tide. 

As  to  the  curves  Mr.  Saunders  has  handed  in  of  the  readings 
taken  on  the  335  miles  of  Atlantic  cable  laid  in  1857, 1  do  not 
think  much  reliance  should  be  placed  on  them,  for  the  simple 
reason  that  the  length  of  cable  was  in  a  very  imperfect  electrical 
condition  throughout.  But  the  other  curves  which  he  has  also 
given  are  valuable,  as  the  results  they  record  have  been  obtained 
imder  most  favourable  circumstances.  There  is  no  person  who 
has  such  opportunities  for  obtaining  data  as  to  the  effect  of  earth 
currents  on  cables  as  Mr.  Saunders,  and  I  hope  he  will  one  day 
give  the  Society  the  beneflt  of  his  experienoOi  in  the  form  of  a 
paper. 

In  attempting  to  lay  a  cable  in  1865  between  Ireland  and 
Newfoundland,  the  cable  parted  after  1,200  miles  had  been  success- 
fully  laid,  and  the  end  was  lost  in  2,000  fathoms.    No.  1  diagram 

No.l. 


6a.x. 


6  p.v.     6  A.M. 


6  P.M.      6  A.M. 


6P.K. 


Sept.  19tu. 


Sept.  20th. 


Sept.  218t. 


shows  the  readings  taken  at  Yalentia  on  a  mirror  galvanometer 
connected  to  the  shore  end  of  that  cable,  the  other  terminal  of  the 
galvanometer  being  attached  to  earth  by  means  of  the  iron  wires 
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of  the  cable.  The  readings  were  observed  for  three  consecutive 
dajSy  from  6  a.m.  to  6  p.m.  each  day.  Although  on  paper  the 
results  look  rather  formidable,  the  maximum  deflection  does  not 
denote  a  higher  tension  than  the  |  of  a  volt. 

Last  September  288  miles  of  cable  were  laid  in  the  North  Sea. 
The  distant  end  was  insulated  and  the  shore  end  connected  as 
in  Uie  experiment  with  the  Atlantic  cable.    The  results  obtained 


No.  2. 


B 


are  shown  in  diagram  No.  2,  and  the  following  are  the  conditions 
under  which  these  observations  were  noticed : — 
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I  have  no  theory  to  offer  on  the  subject ;  all  I  know  is  that  the 
more  data  I  obtain,  and  the  more  I  examine  such  data,  the  more 
confused  I  become. 

Sir  Chables  Bbight  :  Do  I  understand  that  in  these  observa. 
tions  the  copper  was  exposed  to  the  sea  ? 

Mr.  WiLLOUGHBY  SMITH :  Yes ;  at  the  lost  end  only. 

Sir  Chaeles  Bright  :  That  was  a  fault— a  bad  fetultl 

Mr.  WiLLOUGHBY  SMITH :  Equivalent  to  a  fault 

Sir  Chables  Bbight  :  It  was  a  broken  cable  1 

Mr.  WiLLOUGHBY  SMITH :  Yes ;  1,200  miles  of  perfect  cable, 
with  the  conductor  at  the  distant  end -exposed  to  the  water,  and 
generating  a  current  between  the  iron  and  copper  of  the  cable, 
which  has  to  be  taken  into  account.  Under  these  conditions  there 
would  be  a  steady  deflection  in  one  direction  only,  due  to  the 
differefnce  in  potential  of  the  two  earths,  viz.,  copper  and  iron 
immersed  in  salt  water. 

Mr.  C.  F.  Vablby  :  What  are  the  vertical  figures  t 

Mr.  WiLLOUGHBY  Smith  :  Deflections  on  the  galvanometer 
scale. 

Sir  Chables  Bbight  :  What  was  the  condition  ? 

Mr.  WiLLOUGHBY  Smtih  :  In  this  case,  288  miles  of  perfect 
cable  with  distant  end  sealed  or  insulated. 

Sir  Chables  Bbight  :  Where  was  the  other  end  T 

Mr.  WiLLOUGHBY  Smith  :  To  earth  on  shore  through  a  gal- 
vanometer. 

Sir  Chables  Bbight  :  I  thought  it  was  taken  from  the  ship  ? 

Mr.  WiLLOUGHBY  SMITH:  Ko;  on  shore.  Experience  leads 
me  to  think  that  the  phenomena  called  earth  currents  are  at  times  . 
quite  local  in  their  action.  On  the  completion  of  the  laying  of  the 
Atlantic  Cable  in  1866,  its  electrical  coudition  was  being  tested  at 
midnight,  and  on  that  occasion  at  Yalentia  the  weather  was  fiine, 
but  at  Newfoundland  very  stormy,  raining  and  blowing  very  hard. 
At  Yalentia  there  was  no  electrical  disturbance  to  interfere  with 
the  tests,  but  at  Newfoundland  it  was  impossible  to  make  the 
necessary  tests,  there  being  a  constant  flow  from  ihe  cable  equal 
in  tension  to  over  100  volts,  and  whether  the  distant  end  was  free 
or  to  earth  the  results  were  in  no  way  affected.     I  am  of  an 
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opinion  that  the  results  obtained  from  one  line  only  will  never 
give  any  clue  to  the  laws  that  these  currents  follow.  If  it  wese 
possible  to  arrange  for  all  the  submarine  cables  and  all  land 
lines  to  be  used  at  the  same  hour  of  each  day,  to  measure  the 
amount  and  direction  of  earth  currents  on  each,  then  perhaps 
we  might  obtain  reliable  data  to  work  upon.  But  the  results  from 
one  isolated  line  will  not,  I  think,  enable  us  to  arrive  at  the  goal 
we  are  all  anxious  to  reach. 

The  Pbesident  :  Before  calling  upon  any  one  else  to  continue 
the  discussion,  I  should  like  to  ask  .Mr.  Willoughby  Smith  &r  a 
little  more  information  on  one  point  which  seems  of  in^>ortance-^ 
that  is,  as  to  the  copper  wire  he  referred  to  laid  across  the  Thames. 
I  understand  that  one  end  of  each  wire  was  insulated  ? 

Mr.  Willoughby  Smith  :  Yes. 

Professor  W.  E.  Aybton  :  One  end  of  each  of  the  two  wires? 

Mr.  Willoughby  Smith  :  Yes. 

Professor  W.  E.  Aybton  :  Neither  wire  put  to  earth  at  both 
^ids! 

Mr.  Willoughby  Smith  :  No ;  the  far  ends  insulated  in  both 
cases. 

Mr.  Edwabd  Gbayes  :  Perhaps  I  may  be  allowed  to  correct  a 
trifling  inaccuracy  in  a  matter  of  fact  into  which  the  meeting  £b11 
during  the  last  discussion.  I  was  not  present,  but  I  am  informed 
that  when  Mr.  WoUaston  asked  Mr.  Adams  whether  a  portion  of 
the  circuit  from  London  to  Cardiff,  on  which  some  of  his  observa- 
tiona  were  taken,  passed  through  a  submarine  cable,  Mr.  Adams 
(under-tJie  impression  that  there  was  a  short  submarine  cable  cross, 
ing  the  Severn  at  Gloucester)  said  that  such  was  the  case,  and  Mr. 
Wollaston  drew  certain  deductions  from  the  alleged  fact.  I  have 
simply  to  say  that  there  is  no  submarine  cable,  not  even  a  yard  of 
submarine  wire,  on  any  circuit  between  London  and  Cardiff. 

Mr.  C.  Wollaston  :  But  exactly  the  same  e£foct  would  be  ob. 
served  by  the  water  running  under  the  wires.  Mr.  W.  Smith,  I 
think,  has  told  us  just  now  that  the  more  he  investigates  the  less 
he  seems  to  know.  Now  I  cannot  conceive  that  a  gentleman 
with  the  immense  experience  of  Mr.  Smith  tried  such  an  experi. 
ment  as  he  states  be  has  tried  across  the  Thames  since  your  last 
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meeting,  and  soberly  laid  it  before  you  as  an  experiment  in  any 
way  connected  with  that  to  which  I  alluded,  from  one  side  of 
the  Channel  to  the  other,  at  your  last  meeting.  Mr.  Smith  has 
just  mentioned  that  the  end  of  the  wire  across  the  Thames  was 
sealed.  How,  I  ask  you,  did  he  ever  expect  a  current  to  be  shown 
similar  to  the  current  shown  by  the  action  of  the  tide  setting  up 
and  down  the  Channel  between  Dover  and  Calais,  across  a  submarine 
line  connected  with  the  earth  at  both  ends  ?  The  circumstances 
seem  to  me  to  be  totally  different.  I  stated  at  your  last  meeting 
that  it  was  only  an  hour  or  so  before  your  meeting  that  I  was 
aware  that  a  discussion  was  likely  to  take  place  on  the  question. 
I  came  down  and  very  briefly  mentioned  the  experiments  which  I 
tried  in  1851.  I  did  not  mention  any  experiment  whatever  having 
been  tried  upon  the  cable  which  Mr.  Smith  alluded  to  as  the  first 
cable  of  1850.  It  is  very  well  known  that  that  was  an  experimental 
cable,  and  it  was  severed  soon  after  it  was  put  down.  As  regards 
the  1851  cable^  I  did  not  state  that  I  used  two  wires  for  the  experi- 
ments,  but  that  two  wires  were  used  for  work,  and  that  upon  the 
other  wires  I  tried  experiments.  But  I  also  stated  that  I  connected 
a  galvanometer  in  circuit  at  Dover  with  the  cable  wire  to  one 
terminal,  and  the  other  terminal  connected  to  the  earth :  the  far 
end  of  the  cable  at  Calais  being  to  earth.  I  also  said  the  subse- 
quent  experiments  confirmed  the  previous  experiments  that  it  was 
owing  to  the  setting  of  the  water  across  the  cable  that  the  currents 
obtained  between  Calais  and  Dover  were  to  be  attributed.  The 
wire  in  these  later  experiments  was  laid  from  the  telegraph  works 
at  East  Greenwich,  and  the  same  galvanometer  was  employed  as 
in  the  former  case.  I  did  not  seal  a  wire,  put  it  into  the  Thames, 
and  expect  to  get  any  result  upon  the  galvanometer.  I  connected 
the  far  end  of  the  wire  to  the  earth,  and  at  the  home  end  a 
galvanometer  placed  in  circuit  and  then  joined  to  the  earth, 
expecting  to  get  similar  results  to  those  previously  obtained  between 
Dover  and  Calais,  and  I  did  get  them.  The  water  set  up  the 
Thames,  and  the  needle  went  in  one  direction :  the  water  set  down 
the  Thames,  and  the  needle  went  in  the  other  direction. 

I  am  very  sorry  that  the  recent  bad  weather  has  prevented  my 
repeating  similar  experiments,  as,  if  I  had  been  enabled  to  do  so. 
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I  think  that  the  results  would  perliaps  have  conyinced  even  Mr. 
Willoughby  Smith  on  the  point.  I  think  the  action  is  due  to  the 
setting  of  the  water,  and  the  paper  which  ihe  Secretary  read  at 
the  opening  of  the  discussion  this  evening  confirmed  that  idea. 
It  is  not  the  changing  of  the  moon,  but  the  setting  of  the  tide 
across  the  wires.  I  may  mention  that  when  in  South  Africa 
(where  I  have  been  occupied  in  Cape  telegraphs  for  many  years) 
I  had  the  opportunity  of  observing  exactly  similar  effects  caused 
by  the  setting  of  the  river  Qamboos  upon  a  galvanometer  needle 
when  the  wire  was  of  long  suspension,  and  very  nearly  (sometimes 
quite)  in  contact  with  the  surface  of  the  water.  I  watched  again 
and  again  very  carefully^  and  found  that  perhaps  at  2  o'clock  in 
the  day  the  needle  was  over  in  one  direction ;  at  2.40  the  next  day 
a  corresponding  movement;  40  minutes  later  a  corresponding 
movement  the  next  day,  and  so  on,  which  perfectly  confirmed  me. 
But  as  a  little  practice  is  worth  an  immense  deal  of  theory,  there 
is  a  gentleman  present  connected  with  the  Submarine  Telegraph 
Company,  and  I  am  sure,  if  he  connected  up  one  of  their  wires  in 
the  way  I  did,  he  would  obtain  results  confirming  mine.  What  I 
mentioned  on  the  last  occasion  I  restate  now.  I  am  not  in  error 
as  to  what  Professor  Faraday  said  to  me,  and  I  am  quite  confident 
myself,  and  think  many  who  are  now  perhaps  sceptical  will  come 
to  the  same  conclusion,  that  a  very  great  number  of  these  so-called 
earth  currents  are  caused  by  the  flow  of  water  very,  very  much 
less  in  magnitude  than  the  bulk  of  water  generally  supposed 
capable  of  producing  much  influence  when  passing  under  suspended 
wires.  , 

Mr.  C.  E.  Spagnoletti  :  I  have  collected  a  little  information 
touching  upon  Mr.  Adams'  paper  with  regard  to  the  earth  cur. 
rents  on  the  night  of  Slst  January — not  on  the  question  of  their 
cause,  but  effects.  I  have  a  report  from  my  Inspector  of  the  Wor- 
cester Division,  who  says  :— 

**  In  watching  the  aurora  on  the  night  in  question,  I  noticed  a 
singular  thing,  one  that  I  had  never  seen  before  in  connection  with 
the  aurora — the  arc  of  the  light  was  perfect,  the  oblique  rays  in 
r^;ular  formatioui  shooting  straight  up  from  the  north,  and  then 
darting  away  to  the  east  and  west^  but  on  the  west  side  two 
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oval  rays  of  luminous  light  shot  out  towards  a  very  bright 
star  that  is  now  seen  of  an  evening — (Mr.  C.  F.  Varley :  The  planet 
Venus) — travelling  westward,  and  from  those  two  ovals  two  rays  of 
light  shot  up,  and  it  appeared  to  me  that  the  star  had  some  attrac 
tion  and  drew  off  some  portion  of  the  aurora.  It  was  a  beautiful 
sight,  the  sky  here  being  perfectly  clear,  and  I  wish  I  was  draughts- 
man enough  to  give  you  a  good  sketch,  as  I  feel  sure  you  would  be 
interested  in  the  phenomenon. 

"J.  MiLLEB." 

Mr.  Spagnoletti  remarked  that  the  two  ovals  of  light  were 
probably  due  to  reflection  similar  to  that  which  occurs  in  the 
double  rainbow. 

"Eabth  Cubbents. 

"  January  3l5f,  1881. 

"  Paddington. — At  6.40  p.m.  the  Windsor  and  Maidenhead  local 
circuits,  Birmingham,  Swindon,  Exeter,  Oxford,  Hereford,  and 
Wolverhampton  circuits,  held  over  to  right.  At  6.56  Bir- 
mingham and  Wolverhampton  changed  to  left,  other  circuits 
remaining  with  needle  deflected  to  right.  At  8.15  current 
disappeared.  A  short  circuit  to  Hammersmith  and  between 
Paddington  and  the  City  was  not  affected. 

**  Reading. — Strong  deflection  to  right  on  all  circuits  at  6.30,  except 
P.O. ;  impossible  to  work.  At  6.45  some  circuits  changed  to 
left ;  at  8.0  p.m.  deflection  had  disappeared.  Horizon  very 
clear ;  aurora,  from  6.30  till  6.50,  showing  brightly ;  no  wind. 

"  Didcot. — ^The  needles  of  some  circuits  affected  about  4.0  p.m.,  all 
at  7.0  deflecting  to  right,  and  varying,  as  if  in  contact,  then 
appearing  clear.  The  Oxford  circuit,  which  was  deflected  to 
left,  I  put  to  earth  on  the  up  side  of  Didcot.  Needle  went  to 
the  right ;  when  earth  was  removed  needle  went  to  the  left, 
acting  in  the  same  way  when  I  put  on  down  side.  All  right 
at  8.0  p.m. 

"  Oxford. — Needles  held  over  about  5.15  ;  over  at  about  8. 

"  Birmingham.— 4.10,  Paddington  and  Birmingham  and  Birming- 
ham and  Birkenhead  circuits'  needles  deflected ;  at  5.0  all 
circuits  affected  ;  at  8.0  p.m.  all  clear. 
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**  Shrewsbury  reports  all  circuits  affected  at  3.45^  dear  at  10  p.m. ; 
effects  variable ;  P.O.  circuit  not  affected.  Never  saw  instru. 
ments  so  much  affected  before  by  earth  currents. 

^'  Chippenham  noticed  variable  deflections. 

**  Worcester. — 4.0,  deflections  observed ;  strongest  at  6.40  to  7.0, 
when  all  needles  firmly  held  over;  the  Worcester  and  Salop 
circuit  the  strongest.  Current  variable,  sometimes  slowly  and 
sometimes  quickly  changing  from  right  to  left.  Currents 
appeared  strongest  on  lines  running  N.  to  S.;  ceased  at  10.0  p.m. 

**  Hartlebury. — Very  strong  deflections ;  bells  occasionally  rung. 

*•  Bristol. — 4.30,  deflections  right  and  left ;  very  strong  from  6.0  to 
7.0 ;  disappeared  at  8.30. 

**  Neath. — ^Earth  currents  observed  firom  11.0  a.m.  to  midnight : 
needles  changed  firom  side  to  side ;  wind  S.S.E. ;  lines  running 
from  E.  to  W.  Deflection  strongest  on  Swansea  and  Merthyr 
circuit  (this  runs  S.  to  N.) ;  needles  carried  from  right  to  left 
till  6.37,  when  Swansea  and  Merthyr  remained  over  to  left 
till  7.5,  when  it  changed  to  right ;  then  all  circuits  appeared 
clear  until  7.12,  when  lines  running  E.  to  W.  again  deflected 
to  left,  and  N.  and  S.  to  right.  7.27>  Gloucester  and  Swansea 
(E.  and  W.)  circuit  deflected  slightly  to  right;  Swansea  and 
Merthyr  (N.  and  S.)  circuit  to  right,  and  co^itinued  to  vary 
right  and  left,  and  vice  versa.  7.40,  all  clear.  A  short  cir- 
cuit about  half.a-mile  not  affected  at  all. 

**  Swansea. — 3.30,  E.  and  W.  circuits  affected,  varying  right  to  left. 
All  circuits  at  5.0  p.m.  affected  except  P.O. ;  unable  to  work 
at  times ;  disappeared  about  1.5  a.m.,  February  1st. 

^*  Carmarthen  Junction. — Down  line  circuits,  needles  to  left ;  up 
line  circuits,  needles  to  right;  through  circuits,  needles  to 
right.'' 

It  will  be  noticed  by  these  observations  that  all  the  short  cir. 
cuits  were  not  affected,  showing  that  the  potential  for  short 
distances  did  not  vary ;  and  I  think  it  would  be  very  interesting 
if  anybody  could  tell  us  at  what  distances  the  variations  do  or  have 
been  observed  to  occur. 

With  regard  to  the  effects  of  water  flowing  by  or  under  an 
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insulated  wire,  I  had  some  experiments  tried  in  the  Biver  Thames 
at  Moulsford,  and  the  following  is  my  Inspector's  report : — 

«'  18ih  February,  1881. 

'^  I  have  been  to  Moulsford  to-day  and  made  the  undermen- 
tioned  tests.    I  obtained  40  degrees  deflection  to  the  right  and  36 

Pra.l. 
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to  the  left  on  astatic  detecter,  -with  a  No.  7  Q.P.  wire  (Fig.  1) 
immersed  in  the  Thames  from  one  side  of  the  river  to  the  other.  I 


1881.]  DISCUSSION  ON  MR.  ADAMS'  PAPEB.  91 

afterwards  removed  the  line  wire  from  galvanometer  and  substi. 

tuted  an  earth  wire  in  its  stead  (Fig.  2).    The  result  was  the  same 

as  the  previous  test,  thus  plainly  showing  that  a  local  battery  was 

set  up  by  the  two  dissimilar  metals,  viz.,  the  copper  wire  and  the 

galvanised  iron  earth  rod,  aided  by  the  moisture ;  I  disconnected  the 

line  wire  on  the  opposite  side  of  the  river  (Fig.  3),  but  did  not  get 

the  slightest  deflection.    I  then  laid  down  another  line  wire  (Fig.  4), 

and  so  avoided  any  earth  connection,  but  the  needle  still  stood  to 

zero ;  and  lastly  I  raised  the  line  wire  (Fig.  5)  out  of  the  water,  using 

the  same  earths,  and  received  the  same  deflections  as  Fig.  1.    I 

used  two  galvanised  iron  rods  driven  into  the  bank  on  either  side 

of  the  liver  for  earth  connections,  which  passed  through  some  water 

before  penetrating  the  soil ;  but  when  I  tested  on  a  previous  day  I 

used  two  wrought-iron  bars  and  observed  the  same  deflections  then 

as  I  did  to-day.    The  stream  travelled  near  about  the  same  rate  as 

it  did  on  the  previous  day,  and  the  weather  was  dull  and  damp,  with 

little  or  no  wind.    On  my  return  to  Beading,  I  placed  a  galvanised 

rod  into  a  wooden  bucket  filled  with  clean  water  only  (Fig.  6),  con- 

nected  a  copper  wire  from  this  rod  on  to  astatic,  and  another  thence 

into  the  water.   The  result  was  75  degrees  deflection,  and  the  more 

copper  there  was  immersed  the  higher  seemed  to  be  the  movement 

of  the  needle ;  I  then  tried  a  wrought-iron  rod  in  the  same  manner, 

but  only  got  50  degrees  with  thai*' 

Not  satisfied  with  this,  I  sent  the  same  officer  to  Brentford,  and 

I  must  say  that  the  experiments  there  were  not  so  satisfactory, 

because  he  only  tried  the  experiment  when  the  tide  was  running 

one  way.    He  reported : — 

*' February  2^th,lSSl. 

*^  I  went  to  Brentford  this  morning,  and  laid  a  No.  7  G.P.  wire 
across  the  Thames  at  Eew  Bridge,  immersed  from  one  side  of  the 
river  to  the  other  as  desired,  using  a  copper  plate  buried  on  either 
side  in  the  bank  for  earth,  but  the  needle  of  the  astatic  was  not 
deflected  in  the  least,  neither  was  it  when  the  line  wire  was  lifted 
out  of  the  water.  I  afterwards  placed  the  wire  on  land  and  tested 
with  an  earth  at  each  end,  but  the  result  was  the  same,  the  needle 
still  stood  to  zero. 

**  I  may  add  the  tide  had  been  going  out  about  an  hour  when 
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I  arrived,  and  was  running  about  two  miles  per  hour,  so  that  I 
was  only  able  to  make  the  test  one  way  of  the  stream^  instead  of 
two  as  proposed. 

**  The  Q*P.  wire  was  perfect  in  every  respect" 

It  tiierefore  appears  that,  when  galvanised  and  iron  rods  w^e 
used  (Figures  1  and  5),  a  deflection  was  observed  of  40^,  but  when 
copper  plates  were  used  none  were  observed.  Figure  2 — ^by 
putting  copper  wire  to  earth  and  galvanised  iron  rod,  a  battery 
was  formed. 

iFigure  3  would  not  show  a  deflection^  not  being  a  complete 
circuit. 

Figure  4,  having  the  two  wires,  if  any  action  took  place,  the 
same  force  acting  on  them  would  set  up  a  current  in  each  wire, 
and  equilibrium  would  be  established,  h^ice  no  deflection. 

Figure  6  would  be  a  battery  cell  again. 

These  remarks  may,  I  trust,  be  interesting  to  some  of  the 
members. 

Mr.  G.  K.  WlNTBE :  Some  of  you  will  remember  that  about 
eight  years  ago  I  read  a  pi^r  before  this  Society  on  the  subject 
of  eartib  cwrents,  d^soribing  my  observations  on  the  subject,  and 
giving}  in  general  terms,  the  results  obtained. 

,  There  is  an  important  point  connected  with  the  observation  of 
earth  currents  to  which,  I  think,^too  little  attention  has  been  paid. 
By  observing  the  currents  in  one  wire  <Hily,  we  are  unable  to 
distinguish  those  chaz^ges  which  are  due  to  variations  in  the 
absolute  strength  of  the  current  passing  through  the  earth,  from 
those  which  are  due  to  variations  in  the  direction  of  the  earth 
stream  relatively  to  the  line  joining  the  earth  plates,  of  the  wire 
under  observation.  Jn  order  to  distinguish  between  the  effects  of 
these  two  causes,  it  is  necessary  that  simultaneous  observations 
should  be.  made  on  two  wires  running  in  different  directions. 

At  Aroonum  (about  40  miles  inland  from  Madras),  where 
most  of  my  observations  were  made,  I  had  two  wires  erected,  each 
two  miles  in  length,  and  running,  as  nearly  as  possible,  the  one 
north  and  south,  and  the  other  east  and  west.  By  means  of 
simultaneous  observations  of  the  current  in  these  two  wires,  I 
determined  that  there  is  a  large  daily  variation  in  the  direction  of 
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the  earth  stream.  At  5.0  p.m.  the  direction  in  India,  according 
to  my  observations,  is  nearly  south-east;  daring  the  night  the 
direction  becomes  more  and  more  southerly  until  simrise,  when 
it  is  nearly  due  south  ;  it  then  moves  westward  by  south  until  9.0 
a.m.,  when  it  attains  its  most  westerly  direction,  say,  10^  west 
of  south.  From  9.0  a.m.  the  direction  moves  eastward  through 
south,  which  it  passes  about  mid-day,  and  arrives  again  at  its  maxi- 
mum easterly  direction  about  5.0  p.m. 

The  strength  of  the  stream  also  varies  during  the  day,  though 
in  a  degree  less  marked  than  the  variation  in  its  direction.  It 
attains  a  maximum  at  about  5.0  p.m.,  and  a  minimum  at  about 
1  a.m«  I  may  add  that  the  variations  in  the  direction  of  the 
stream  appeared,  from  my  observations,  to  be  much  more  regular 
than  the  changes  in  its  strength.  It  appears  to  be  very  probable 
that,  while  the  variation  in  the  direction  of  the  stream  follows  its 
daily  course  with  comparative  regularity,  the  continual  small 
variations  we  observe  are  due  to  ripples,  as  it  were,  on  the  surface 
of  the  stream,  which  ripples,  in  times  of  magnetic  storms,  expand 
into  enormous  waves. 

I  think  these  results  may  be  of  some  importance  in  the  de- 
velopment of  the  theories  now  being  discussed. 

In  fny  former  paper  I  expressed  an  opinion  that  the  variations 
in  the  magnetometer  were  due  to  the  direct  action  of  earth  currents 
on  the  suspended  needle.  In  order  to  determine  whether  this  were 
80  or  not,  I  had  an  instrument  made  which  was  described  in  a 
letter  of  mine  to  the  Society,  which  letter  has  been  published  in 
the  Society's  Journal,  but  without  any  name. 

The  instrument  was  constructed  as  follows : — A  large  magnet 
was  suspended  under  a  small  one,  both  being  freely  and  indepen- 
dently suspended.  The  small  needle  was  really  a  galvanometer 
needle,  and  was  attached  to  the  back  of  a  small  mirror  in  the  usual 
way.  Owing  to  the  presence  of  the  large  magnet  it  was  nearly  in 
an  astatic  condition  as  regards  the  earth's  directive  force.  Any 
changes  in  the  earth's  magnetism  as  a  whole — that  is,  any  changes 
in  the  direction  of  the  lines  of  force  in  the  earth — would  afiect 
both  needles  equally ;  but,  owing  to  the  astatic  condition  of  the 
small  magnet,  the  effect  of  any  local  deflecting  cause,  such  as  the 
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passage  of  eartli  currents  through  the  earth  below  the  apparatus, 
would  be  largely  magnified  on  the  small  needle.  This  I  found  to 
be  the  case — that  is,  the  movements  of  the  small  needle  were  very 
great ;  but,  on  comparing  them  with  the  motions  of  the  magneto- 
meter  needle,  they  were  not  found  to  be  merely  enlargements  of  the 
variations  in  the  magnetometer  needle,  neither  were  they  alto, 
gether  such  as  would  be  caused  by  the  action  of  currents  simulta- 
taneously  observed  in  a  line  running  north  and  south. 

I  think  this  is  all  that  I  have  to  say  at  present  on  the  subject. 

Professor  Ayrton,  in  reply  to  a  question  from  Sir  Charles 
Bright,  as  to  the  exact  explanation  of  the  flow  of  water  in  the 
English  Channel  producing  a  current  in  the  submarine  cable 
there,  remarked  that  the  motion  of  a  strip  of  water  from  England 
to  France,  across  the  vertical  component  of  the  earth's  lines 
of  force,  would  cause  a  difference  of  potentials  to  be  set  up  at 
the  two  ends  of  the  strip,  which  difference  would  be  neutralised 
by  a  current  flowing  through  any  conductor  joining  the  two 
ends  of  the  strip.  Now,  there  were  many  such  conductors, — 
the  whole  bottom  of  the  sea,  for  example,  was  such  a  conductor, — 
but  one  of  them  was  any  telegraph  line,  overhead  or  submarine, 
through  which  therefore  a  current  would  flow,  and  the  direction 
of  this  current  would  depend  on  the  direction  of  the  tide,  but  not 
at  all  on  whether  the  telegraph  line  was  overhead  or  a  submarine 
cable.  Eoth  ends  of  it,  however,  must  be  of  course  to  earth,  in 
order  that  the  current  could  flow.  In  fact,  the  moving  strip  of 
water  was  just  like  the  revolving  armature  in  a  dynamo  madiine, 
and  the  telegraph  line  like  the  external  wire  in  which  the  electric 
lamp  was  placed. 

Subsequently  Professor  Ayrton  drew  attention  to  the  very  full 
account  of  the  last  meeting  that  had  appeared  in  the  Electrician^ 
of  the  discussion  of  Mr.  Adams'  paper,  and  especially  to  the  state- 
ment of  Professor  Adams,  that  "  Professor  Rowland  has  also  clearly 
shown  that  the  theory  which  would  account  for  the  earth's  magnet, 
ism,  and  for  the  changes  in  the  earth*8  magnetic  force,  by  supposing 
the  earth  to  have  a  charge  of  electricity  upon  it,  is  utterly  in- 
sufficient  to  produce  the  observed  effects."  This,  Professor 
Ayrton  thought  not  to  be  the  case,  since  Professor  Rowland  had 
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shown  nothing  at  all  about  a  statical, charge  being  unable  to  pro- 
duce the  changes  in  the  earth's  magnetism.  He  also  criticised 
Professor  Adams'  statement,  **  Professors  Ayrton  and  Perry's  sup- 
position as  to  electric  charge  on  the  earth  would  only  account  for 
g^ooioooTT  p&rt  of  the  terrestrial  magnetism  of  the  earth,"  as 
being  a  little  misleadins:.  If  the  maximum  charge  that  could 
exist  on  the  earth  was  only  giooioooo  part  of  that  necessary  to 
produce  the  total  magnetism,  then  perhaps  we  might  reject  a 
statical  charge  as  the  explanation  of  the  variations ;  but  when  it 
is  remembered  that  the  amount  of  statical  charge  necessary  to 
produce  -njVrr  of  the  earth's  magnetism  will  only  cause  a  pressure 
the  7^  part  of  the  normal  atmospheric  pressure,  and  is  therefore 
quite  a  possible  amount  of  charge  to  exist  on  the  earth,  while  the 
normal  lunar  perturbations  of  terrestrial  magnetism  only  required 
the  iV  pa^  of  6^Qi^  this  small  charge,  and  therefore  would  only  pro- 
duce a  pressure  equal  to  the  TrrroVinnr  of  the  atmospheric  pressure, 
we  could  not,  Professor  Ayrton  ventured  to  think,  dismiss  so  lightly 
as  Professor  Adams  had  done  the  possibility  that  the  diurnal 
variation  on  the  earth's  magnetism  may  be  produced  by  pertur- 
bations in  the  distribution  of  a  charge  of  electricity  residing  on  the 
earth,  and  carried  round  with  it  by  its  rotation. 

Professor  Ayrton  next  drew  attention  to  the  fact  that,  whereas 
Professor  Rowland  was  quite  right  in  concluding  that  to  produce 
the  entire  magnetism  of  the  earth  by  a  static  electric  charge  re- 
volving with  it  would,  if  all  the  charge  resided  on  the  surface,  pro- 
duce  an  impossible  outwigrd  pressure,  Professor  Rowland  was  wrong 
in  his  statement  that,  ''  if  the  moon  were  electrified  to  a  like  po- 
tential, the  force  of  repulsion  would  be  greater  than  the  gravitation 
attraction  to  the  earth,  and  it  would  fly  off  through  space,"  since 
the  calculation  made  by  Professor  Perry  and  himself  showed  that 
whereas  the  mutual  gravitation  attraction  of  the  earth  and  moon 
was  1*886  X  10"*  dynes,  their  repulsion,  when  both  were  charged 
to  the  required  potential,  would  be  only  1*401  x  10*^  dynes  of 
about  iV  of  the  preceding. 

Whatever  might  be  the  di£Bculties  in  explaining  the  cause  of 
the  earth's  magnetism  or  the  magnetic  perturbations,  Professor 
Ayrton  thought  there  was  reall    do  difficulty  in  explaining  lunar 


96  BIBCUSBION  ON  ME.  ADAMS*  PAPEB.  [Feb.  24th, 

earth  currents,  the  subject  of  the  eveniag,  from  the  fact  that  differ, 
ent  points  of  the  earth  were  at  different  distances  from  the  moon, 
and  therefore  if  the  moon  were  charged,  and  the  earth  compara- 
tively  non-conducting,  there  would  be  a  difference  of  electric  po- 
tential between  different  points ;  and  indeed  calculation  showed 
that  an  electro-motive  force  of  one  volt  per  mile  along  the  line  of 
steepest  gradient  would  be  caused  if  the  moon  had  the  easily  allow- 
able charge  of  10,000  farads. 

Professor  Adams'  idea  of  the  lagging  behind  of  portions  of  the 
earth's  crust  producing  earth  currents,  was  exceedingly  suggestive, 
especially,  as  Professor  Perry  had  already  pointed  out,  in  the  con- 
nection  between  earthquakes  and  earth  currents.  The  speaker 
believed  he  was  himself  the  first  to  draw  attention  to  this  coinci- 
dence when  in  India — a  coincidence  that  had  since  received  fre- 
quent experimental  confirmation,  in  some  cases  before  an  earth- 
quake there  having  been  greatly-increased  earth  currents  even  for 
a  day  or  two.  If  Professor  Adams'  idea  was  right,  that  earth 
currents  were  caused  by  a  lateral  motion  of  the  earth,  a  lagging 
behind  of  the  surface  of  the  earth  roughly  along  a  parallel  of  lati- 
tude^  due  to  a  terrestrial  tide,  then  there  would  be  an  explanation 
of  the  connection  of  earthquakes  and  earth  currents;  for  the  greater 
subterranean  pressure,  which  they  might  imagine  anticipated  the 
actual  earthquake,  would  produce  increased  strain  on  the  earth's 
crust,  and  hence,  perhaps,  increased  earth  currents. 

But  Professor  Adams'  suggestion  would  not  explain  the  four 
maxima  Mr.  Adams  considers  he  has  experimentally  arrived  at. 
It  would  not  explain  why  on  the  other  side  of  the  earth  from  the 
moon  they  had  a  positive  current  as  well  as  on  the  side  of  the  earth 
near  the  moon,  nor  did  he  see  any  explanation  for  that,  except, 
possibly,  some  sort  of  local  cause.  It  was  easy  to  understand  vrhy 
there  was  a  high  tide  on  the  other  side  of  the  earth  when  there 
was  a  high  tide  on  this  side  of  the  earth,  on  account  of  the  mass  of 
water ;  but  electricity,  as  far  as  we  knew,  had  no  mass,  and  therefore 
one  would  have  expected  two  maxima,  and  not  the  four  Mr.  Adams 
considered  his  experiments  pointed  to. 

The  Secbetaby  then  read  the  following  note  on 
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THE  ELECTRIC  STORM  OF  JANUARY  31st,  1881. 
By  W.  H.  Pbeece. 

Electric  storms,  T^hich  have  been  rare  and  quiet  since  1872, 
have  commenced  to  reappear.  By  electric  storms  I  mean  those 
abJMTTnal  earth  currents  which  occasionally  produce  serious  dis- 
turbances on  telegraphic  circuits.  I  do  not  in  any  way  refer  to 
those  normal  earth  currents  dealt  with  by  Mr.  Adams,  which  are 
always  present  more  or  less.  The  first  storm  occurred  on  August 
11th  and  12th  of  last  year,  but  a  second  of  much  greater  magni. 
tude  look  place  on  January  31st  last.  They  were  both  cosmical 
in  their  character,  and  evidences  of  their  existence  have  been 
leceived  from  all  quarters  of  the  earth. 

The  storm  of  January  3l8t  was  first  observed  at  3  p.m.,  it 
reached  a  maximum  at  6.40  p.m.,  and  disappeared  about  9  p.m. 
It  was  renewed  about  11  p.m.,  and  disappeared  again  about  1  a.m. 
the  next  morning.  The  currents  acquired  a  strength  that  has 
never  before  in  my  experience  been  observed.  At  Llanfair,  in 
Anglesey,  on  the  London-Irish  wires,  they  measured  41 '4  milliwebers, 
while  at  Haverfordwest,  on  another  Irish  wire,  they  measured  over 
30  milliwebers.  The  observations  made  at  the  latter  station  were 
80  carefully  taken  that  I  have  plotted  them  out  on  a  plan  giving  an 
excellent  graphical  representation  of  the  duration,  directioui  and 
strength  of  the  storm.  The  readings  were  taken  upon  a  tangent 
galvanometer  on  a  wire  extending  from  Haverfordwest  to  Yalentia, 
making  earth  at  those  two  stations.  The  length  of  this  circuit  \s 
300  miles,  and  its  resistance  4,000  ohms.  The  geographical 
distance  between  the  two  earths  is  220  miles.  The  curve  shows 
that  the  current  continued  steadily  negative  until  6  p.m.,  when  it 
commenced  to  vary  in  strength  considerably,  acquiring  at  6.34  a 
remarkable  intensity,  suddenly  bounding  over  in  the  reverse 
direction  in  three  minutes  to  the  same  intensity,  viz.,  30  milli. 
metres.  After  varying  for  two  minutes,  its  strength  diminished 
considerably,  and  at  9  p.m.  it  disappeared.  The  maximum  current 
shows  that  at  that  moment  there  was  a  difference  of  potentials 
between  the  two  earths  of  120  volts,  or  a  fall  of  potential  of 
1  volt  per  1'8  mile.     The  readings  in  Anglesey  showed  the  fall  of 
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potential  between  Anglesey  and  London  to  be  exactly  the  & 
Now,  since  working  currents  average  about  10  milliwebers, 
evident  that  abnormal  currents  of  such  strength  must  have  ha 
great  disturbing  influence  on  the  telegraphic  lines.  In  fact 
the  period  of  maximum  disturbance  nearly  all  circuits  were  o 
pletely  broken  down,  except  where  metallic  loops  could  be  resoi 
to. 

Some  observations  at  Cardiff  and  Swansea  enable  us  to  foi 
fairly  approximate  idea  of  the  distribution  of  the  equipotei 
surfaces,  and  to  deduce  therefrom  the  line  of  maximum  ele( 
motive  force.    I  have  drawn  them  out  on  a  small  map.    Moi 
calculation  enables  us  to  represent  upon  the  same  plan  the  disi 
bution  of  potential  as  determined  by  the  position  of  the  sun 
respect  to  the  earth.    It  is  remarkable  how  these  lines  coinci 
I  found  precisely  the  same  agreement  on  February  4th  and  Aug   ^ 
7th,  1872,  the  last  storms  of  any  consequence.    Moreover,  tfa 
accuracy  is  confirmed  by  an  observation  taken  at  Lerwick,  in 
Shetlands,  also  shown  on  a  map. 

It  is  worthy  of  record  that  on  this  same  day  a  disturbance 
unusual  and  unprecedented  magnitude  was  observed  in  the 
photosphere.     It  is  well  known  now  that  sun  spots,  aurorse  bo: 
magnetic  disturbances,  and  earth  currents  are  not  only  co] 
taneous,  but  that  they  obey  precisely  the  same  cycle,  thoi 
aifthorities  are  not  quite  agreed  upon  the  exact  periodicity  of 
cycle.    Secchi,  in  Rome,  in  1872,  proved  that  violent  solar  e: 
tions  were  coincident   with  violent    magnetic  disturbances 
abnormal  earth  currents. 

Taking  these  facts  together  there  can  be  no  reasonable  douM-h— j- 
that  these  abnormal  earth  currents,  or  electric  storms,  are  due,  f^^ 
I  have  previously  pointed  out,  to  some  disturbance  in  the  sun.      \ 

\ 

Mr.  A.  J.  S.  Adams  apologised  to  Mr.  WoUaston  for  his  mi^ 

take  in  saying  there  was  a  cable  under  the  Severn,  and  promisejj 

Mr.  Yarley  the  figures  and  the  resistances  of  the  lines  which  bl 

desired,  after  which  the  meeting  adjourned  until  March  10th. 

Mr.  C.  F.  Vabley  :  I  did  not  hear  Mr.  Ellis  very  well,  but  1 
think  he  has  stated  a  good  deal  that  I  intended  to  speak  of  to-night 
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^Kpd^tl^vIiQ&don  and  London  to  Southampton  were  very  often 
Btral.    Very  often  the  neutral  line  would  pass  over,  or 
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rather  rotate  across,  these  lines  duriDg  the  course  of  a  disturbance, 
and  the  current  would  consequently  change  in  direction.  It 
therefore  appeared  that  the  land  (in  fact,  the  rock)  which 
constitutes  our  island,  being  a  much  worse  conductor  than  the 
sea. water,  the  current  coming  along  the  better  conducting  ocecu:^ 
met  with  an  obstruction  in  our  island,  and  part  of  this  current 
passed  through  our  wires,  producing  powerfiil  disturbances  or 
curreni«{.  That  this  was  the  case  was  proved  by  comparing  the 
strength  of  currents  from  the  submarine  cables  with  the  currents 
through  the  land  lines. 

Our  wires  from  London  to  Amsterdam  were  nearly  in  the 
same  direction  as  the  wires  from  London  to  Ipswich,  and  I  fre- 
quently found  that,  by  using  a  wire  from  London  to  make  earth  at 
Ipswich  instead  of  at  London,  so  that  when  Amsterdam  was  work, 
ing  to  London  the  current  had  to  come  from  Amsterdam  to  London 
and  go  back  to  Ipswich  to  go  into  the  earth,  the  potential  of  the 
short  London.Ipswich  wire  was  almost  identical  with  (it  was  a  little 
less  than)  the  potential  from  Amsterdam  to  London,  confirming  m j 
previous  observation.  The  same  was  observed,  also,  between  Liver- 
pool, Holyhead  and  Dublin,  and  therefore  it  would  be  impossible  to 
determine  the  true  direction  of  these  currents  by  any  observations 
made  upon  land ;  and  the  only  really  safe  way  to  set  to  work  about 
it  would  be,  I  think,  to  select  isolated  islands,  such  as  some  of  the 
islands  in  the  Pacific,  and  lay  two  cables  across  them  at  right 
angles,  and  attach  to  these  cables  earth-plates  some  distance  out  to 
sea,  so  as  to  make  earth  on  each  side,  and  then,  by  observation  on 
those  wires,  one  might  very  well  determine  accurately  the  direction 
of  the  current. 

The  Astronomer-Royal — I  forget  the  year  when  it  was  done, 
but  certainly  it  was  done  prior  to  my  communicating  with  him 
upon  the  subject  of  earth  currents  (I  think  I  began  communicating 
with  him  about  1857) — had  a  wire  running  from  Dartford  to 
Greenwich,  about  ten  miles  in  length,  and  another  from  Greenwich 
to  Croydon,  about  eight  miles  in  length.  These  wires  were  nearly 
at  right  angles  one  to  the  other.  They  were  connected  to  the 
earth  at  Dartford,  Greenwich,  and  Croydon.  To  these  wires  were 
joined  two   galvanometers   carrying  mirrors  which   reflected  a 
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spot  of  light  upon  photographic  paper,  and  thus  produced  the 
records  which  Mr.  Ellis  has  produced.  By  this  means  the 
coincidence  of  the  earth  currents  with  the  movements  of  the 
magnetometers  was  established  fully  as  far  back  as  1859.  The 
Astronomer-Royal  has  discussed  the  observations  for  the  ten  years 
from  1848  to  1837,  and  in  the  appendix  to  the  volume  for  1839 
("  Greenwich  Magnetical  and  Meteorological  Observations,'*  page 
ccxxxL)  will  be  found  a  table  showing  a  distinct  lunar  influence. 
There  is  a  rise  and  fall  twice  in  each  hinar  day.  He  has  dis. 
cussed  the  observations  for  the  five  years  ending  in  1863.  These 
will  be  found  in  the  volume  for  1867.  The  mean  of  these  five 
years'  observations  corresponds  remarkably  with  those  of  the 
former  ten  years. 

This  luno-diumal  irregularity  for  the  period  from  1848  to  1859, 
and  from  1857  to  1863,  shows  two  maxima  and  two  minima  in 
each  Itmar  day. 

1848  to  1857. 
1st  maximum  at  2  to  3  o'clock. 
1st  minimum    „  7  „  8      „ 
2nd  maximum  „      14         „ 
2nd  minimum  „     20         „ 

These  mean  observations  were  taken  from  those  days  which 
showed  no  great  magnetic  or  electric  storms. 

I  wish  to  draw  especial  attention  to  this,  to  show  that  the 
Astronomer.Koyal  was  alive  to  the  desirability  of  finding  out  if 
there  were  any  connection  between  the  motion^  of  the  heavenly 
bodies  and  these  daily  disturbances  or  currents,  and  he  has  found 
out,  and  has  published,  as  far  back  as  1859,  that  there  is  a  lunar 
variation  coinciding  with  the  ocean  tidal  variation — that  is  to  say, 
a  maximum  is  reached  about  2  o'clock,  a  minimum  about 
8  o'clock,  a  maximum  again  at  14  o'clock,  and  a  minimum  again 
at  20  o'clock  (see  Phil.  TraTtsacHona,  1870,  page  215).  The 
author  of  this  paper  (Mr.  Adams)  drew  attention  to  what  he 
thought  an  anomaly  in  his  results,  viz.,  that  in  each  lunar  day 
there  were  four  maxima,  two  maxima  of  positive  and  two 
negative.   That  is  apparent,  but  not  real.    When  we  discuss  ocean 


1857  to  1863. 
2    o'clock. 

8        „ 

13  to  14  „ 

20        „ 
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tidal  action,  we  measure  the  tide  from  the  bottom  of  one  tidal 
wave  to  the  top  of  the  other.  Now»  Mr.  Adams'  zero  line 
corresponds  with  the  mean  level  of  the  ocean  were  there  no  sun  and 
moon,  and  therefore  there  are  but  two  tidal  waves  a  day,  which 
should  be  reckoned  from  the  maximum  negative  to  the  maximum 
positive,  as  is  done  from  ebb  tide  to  flood  tide.  These  are  found 
to  coincide  exactly  with  the  tides  which  are  produced  principally 
by  the  moon.  But  we  all  know  that  there  are  other  tides  besides 
those  of  the  moon.  The  sun  gives  a  very  considerable  tide; 
Jupiter  and  Venus  each  give  a  sensible  tide.  If  Mr.  Adams  were 
to  carry  on  his  observations  for  a  series  of  years,  I  have  no  doubt 
that  he  would  find  electric  spring  tides  and  neap  tides. 

The  observations  made  by  Mr.  Ellis  were  very  much  to  the 
point  indeed,  but  I  wish  to  draw  especial  attention  to  the  results 
of  the  Astronomer-Royal,  because  the  reports  are  in  the  library  of 
this  Society,  and,  as  the  data  extend  over  a  period  of  many  yearsi 
the  figures  are  very  reliable. 

We  all  know  that  the  moon  produces  a  tidal  motion  in  the  ocean. 
It  is  also  known  that  it  tends  to  produce  one  in  the  solid  body  of 
the  earth,  but  the  quantity  is  so  small,  on  account  of  the  prodigious 
hardness  of  the  solid  interior  of  the  world,  that  no  rocking  of  the 
surface  of  the  earth  has  been  observed,  notwithstanding  the  delicacy 
of  the  splendid  apparatus  employed  at  the  different  observatories. 
Besides  the  ocean,  there  is  another  fluid — the  atmosphere.  The 
atmosphere  ought  to  be  affected  like  the  ocean,  and  at  places 
near  the  equator  a  distinct  barometric  tide  is  visible.  The  moon 
when  on  the  •  meridian  causes  that  part  of  the  ocean  next  to 
it  to  rise  towards  it,  being  pulled  more  powerfully  than  the 
solid  body  of  the  world,  and  this  again  more  powerfully  than  the 
ocean  at  the  nadir  ;  the  ocean,  therefore,  takes  an  elliptical  form. 
In  the  case  of  the  atmosphere,  this  elliptical  shape  will  take  place 
to  a  much  greater  extent  than  in  the  ocean ;  oxygen  being  magnetic, 
this  will  cause  a  lunar  diurnal  variation.  In  a  paper  which  I  read 
before  the  Royal  Society  about  ten  or  twelve  years  ago,  I  drew 
attention  to  the  diminished  resistance  of  the  atmosphere,  when 
attenuated,  to  the  conduction  of  electricity,  and  ascertained  the  law 
which  governed  the  flow  of  electricity  through  rarlfied  media.    At 
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an  elevation  of  40  miles  or  more  above  the  surface  of  the  earth,  we 
should  find  that  the  atmosphere  oonducted  with  many  hundred 
times  more  facility  than  near  the  surface  of  the  earth.  Now,  if  we 
imagine  (as  we  all  know  is  the  case)  this  conductor  to  be  highly 
charged  with  positive  electricity,  we  shall  have,  by  means  of  this 
atmospheric  tide>  the  positive  electricity  lifted  up  from  the  surface 
of  the  earth,  and  consequently  there  will  be  a  rush  of  positive 
electricity  along  the  earth's  surfisice  to  that  point.  As  this  tidal 
wave  is  shifted  over  to  another  place,  as  cccurs  each  twelve  lunar 
hours,  the  electricity  will  flow  from  one  point  to  another,  and  thus 
probably  produce  the  irregularities  observed. 

In  the  report  of  the  Submarine  Telegraph  Committee,  ap. 
pointed  hy  the  Privy  Council  and  the  Atlantic  Telegraph  Com. 
pany,  page  152, 1  mentioned  that  the  earth  currents  in  1859  were 
Tery  powerful.  One  was  so  strong  on  the  line  between  London 
and  Ipswich,  69^  miles,  that  it  required  140  Daniell  cells  to 
balance  it^  showing  a  difference  of  potential  of  2  Daniell  cells  to  the 
mile.  In  the  same  book,  pages  504  to  511,  inclusive,  will  be  found 
some  of  the  letters  which  passed  between  the  Astronomer-Boyal 
and  myself  upon  the  subject,  also  charts  of  mine  showing  the 
neutral  lines. 

In  South  Devon,  in  1847, 1  found  in  a  circuit  of  three  miles  a 
current  that  required  22  zinc  copper  cells  to  balance  it,  or  som<^ 
where  about  six  or  seven  volts  to  the  mile. 
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The  Ninety-seventh  Ordinary  General  Meeting  of  the  Society  was 
held  on  Thursday  evening,  10th  March,  1881,  at  the  Institu- 
tion of  Civil  Engineers,  25,  Great  George  Street,  Westminster 
— Professor  G.  C.  Foster,  F.R.S.,  President,  in  the  (Uhair. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  were  announced  and 
suspended,  and  it  was  announced  that  the  Council  had  transferred 
the  following  Associates  to  the  class  of  Members : — 

St.  George  Lane  Fox, 
Joseph  Howe. 

The  Peesident  :  Before  proceeding  to  the  special  business  of 
the  evening,  I  think  it  desirable  to  call  the  attention  of  members 
to  a  matter  of  which  they  have,  no  doubt,  more  or  less  definitely 
heard,  already — the  intention  to  hold  an  Exhibition  of  Electrical 
Appliances  in  Paris  during  the  forthcoming  summer.  It  was 
hoped  that  the  English  Government,  like  the  Governments  of  most 
of  the  important  countries  on  the  Continent,  would  have  appointed 
a  Special  Commissioner  to  look  after  the  interests  of  the  exhibitors 
of  their  own  country,  and,  in  consequence,  no  action  has  hitherto 
been  taken  by  this  Society  or  any  other  body  in  the  matter.  But  I  am 
sorry  to  say  that  our  Government  have  refused  to  make  any  such 
appointment,  and  there  seems  to  be  no  reasonable  hope  of  inducing 
them  to  reverse  their  decision.  The  Council  of  the  Society  have 
therefore  taken  upon  themselves  to  do  all  that  can  be  done  in  the 
short  time  available.  It  is  desirable  that  the  fact  that  the  exhibition 
is  about  to  be  held  should  be  made  known  as  widely  as  possible. 
The  Council  will  try  to  secure  this,  and  undertake  to  take  charge 
of  any  applications  for  space  with  which  they  may  be  entrusted, 
and  transmit  them  to  the  General  Commissioner  for  the  Exhibition ; 
in  fact,  to  act  as  far  as  possible  ds  intermediary  between  the  French 
executive  and  British  exhibitors.  I  state  this  that  members  may 
assist  in  distributing  the  information,  by  communicating  the  fact  to 
their  friends.  The  latest  date  up  to  which  applications  for  space 
can  be  received  is  the  31st  March. 


1881.]  DI8CUSSI0N  ON  ME.  ADAMS'  PAPEB.  105 

We  will  now  resume  the  discussion  on  Mr.  Adams*  paper  on 
earth  currents.  As  so  much  time  has  already  heen  given  to  this 
matter,  I  would  request  that  further  remarks  be  as  brief  as  possible. 

Mr.  WlLLODOHBT  Shith  :  As  it  has  been  suggested  to  me  that 
my  silence  mi^t  be  taken  as  an  admission  of  the  correctness  of  Mr. 
WoUaston's  observations  on  the  experiments  with  the  two  wires 
laid  across  the  Thames,  mentioned  by  me  at  our  last  meeting,  I 
may  peihaps  be  allowed  to  make  a  few  further  remarks. 

If  I  have  rightly  understood  the  subject,  the  wire  Mr.  Adams 
used  for  his  experiments  extended  from  London  to  Cardiff,  and  a 
very  small  part  of  the  whole  length  passed  either  under  or  over  the 
river  Severn.  Both  ends  of  the  wire  were  to  earth,  but  between 
the  London  end  and  the  earth  was  placed  a  galvanometer,  the 
movemente  of  the  needle  of  which  were  recorded  by  Mr.  Adams  as 
lieing  the  eflfects  of  earth  currents ;  but  Mr.  WoUaston  says  the 
effect  of  the  tide  passing  either  over  or  under  that  portion  of  the 
wire  crossing  the  Severn  would  produce  the  same  results. 

Now,  supposing  the  correctness  of  Mr.  WoUaston's  statement, 
the  effect  could  only  have  been  one  of  induction ;  consequently,  in 
the  experiment  with  the  two  wires  laid  across  the  Thames,  they 
were  placed  imder  the  most  favourable  conditions  for  detecting 
bduced  currents.  Had  both  ends  of  each  wire  been  put  to  earth, 
as  Mr.  WoUaston  says  they  ought,  a  current  due  to  polarisation  of 
the  earth  plates  would  have  been  obtained,  and  nothing  more ; 
and,  independent  of  the  interference  of  the  polarising  current,  the 
conditions  would  then  have  been  most  unfavourable  for  ajscertaining 
the  correctness  of  Mr.  WoUaston's  assertion.  The  inductive  effect 
would  be  in  direct  proportion  to  the  tension  of  the  influencing 
body  and  the  length  of  the  wire  exposed,  consequently  it  is  not 
diflScult  to  prove  by  actual  experiment  what  the  result  would  be 
under  certain  conditions.  Suppose  40  feet  of  insulated  wire  laid 
in  a  straight  line,  with  one  end  to  earth  through  a  very  sensitive 
galvanometer,  the  other  end  being  insulated ;  and  a  similar  wire, 
one  end  of  which  is  insulated,  and  the  other  end  connected  to  one 
terminal  of  a  battery  of  500  cells,  the  other  terminal  being  to 
earth ;  and  suppose  the  charged  wire  is  brought  sufficiently  near  to 
the  uncharged  one,  then  a  slight  momentary  deflection  would  be 
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observable  on  the  galvanometer,  and  if  the  charged  wire  be 
removedy  a  similar  momentary  deflection  would  be  produced,  bat 
in  the  opposite  direction.  From  this  I  learn  that,  had  either  one 
of  the  wires  laid  across  the  Thames  been  influenced  by  any  external 
body  of  a  higher  potential,  it  would  have  been  immediately 
detected ;  and  had  the  potential  of  such  a  body  been  equal  to  SOO 
volts,  then  the  inductive  effect  would  only  equal  the  jzhnf  ^^  '^^ 
potential.  Now,  under  the  same  conditions,  but  with  both  ends 
of  the  test. wire  to  earth,  no  effect  but  the  current  due  to  polarisa. 
tion  would  be  observed.  When  in  1866  the  Atlantic  cable  was 
being  shipped  on  board  the  **  Great  Eastern,*'  then  lying  in  the 
Medway,  a  wire  was  immersed  between  the  ship  and  the  shore  for 
practice  in  my  then  new  system  of  testing  and  working  through 
cables  during  submersion ;  and,  although  that  wire  was  at  right 
angles  to  the  strong  tide  of  the  Medway  for  two  months,  no  sign 
of  any  external  electrical  disturbance  was  observed.  If  time 
permitted,  many  similar  cases  might  be  cited. 

Mr.  A.  J.  S.  Adams,  in  reply,  said :  The  discussion  which  has 
followed  the  reading  of  my  paper  has  been  most  gratifying  to  me, 
and  I  believe  useful.  I  must  ask  your  forbearance,  however, 
should  I  not  reply  to  all  the  criticisms  that  have  been  offered, 
because,  in  some  cases,  I  have  had  a  difficulty  in  discerning 
whether  remarks  have  had  particular  references  to  the  earth  cur- 
rent or  to  current  storms. 

There  is  little  doubt  but  that,  in  a  minor  degree,  there  is  also 
a  solar  variation  of  the  earth  current,  and  it  is  a  subject  I  have  for 
some  time  been  investigating;  probably,  however,  unless  the  appa. 
ratus  used  have  sufficient  range  and  sensitiveness,  the  different 
variations,  both  solar  and  lunar,  will  become  merged,  so  that 
the  result  will  be  more  or  less  indistinct  as  regards  solar  or  lunar 
causation,  especially  during  that  part  of  the  lunation  when  the 
solar  and  lunar  influences  are  more  or  less  parallel 

As  regards  the  discrepancy  between  the  observed  and  the 
theoretical  position  of  maximum  magnetic  effect  upon  the  surface 
of  the  globe,  I  think  it  hardly  correct  to  assume  that,  if  all  dis- 
turbing  influences  were  removed,  the  position  of  any  such  maximum 
effect  would  remain  unchanged  :    there  are  doubtless  very  con. 


1881.]  DISCUSSION  ON  MB.  ADAMS'  PAPEB.  107 

siderable  modifying  influences  present  in  and  upon  the  earth. 
Nor  should  we  judge  of  the  probable  magnetic  force  producible  by 
these  current  systems^  firom  the  assumed  or  calculated  quantitative 
charge  of  the  earth  or  moon  alone:  the  speed  with  which  the 
electricity  circulates  must  be  included  in  the  calculation. 

The  effects  of  electric  storms  were  eliminated  from  the  observa« 
tions  I  have  submitted,  but  such  storms  only  materially  affected 
the  normal  curve  for  short  periods  upon  the  2nd9  7th|  and  11th  of 
April,  1879,  and  even  then  the  greatest  strength  of  the  storm  cur* 
rents  did  not  exceed  twice  that  of  the  maximum  earth  current. 

I  was  pleased  to  find  corroboration  of  the  lunar  progression  in 
the  interesting  ctirves  furnished  by  Mr.  H.  C.  Saunders ;  but,  if 
possible,  such  observation  results  should  be  compared  with  the 
position  of  the  moon  and  sun,  rather  than  with  the  time  of  high 
water. 

I  have  received  from  Mr.  Preece  some  results  of  earth-current 
observations  taken  at  Abdelah,  in  Persia,  which,  although  very 
incomplete,  clearly  indicate  the  usual  four  maxima  and  zeros ;  and 
I  am  also  indebted  to  the  kindness  of  Mr.  Preece  for  the  sight  of  a 
letter  from  Mr.  James  Graves,  of  Yalentia,  of  which  the  following 
is  an  extract.  Mr.  J.  Graves  says :  "  It  may  be  of  interest  to  you 
to  know  that  I  took  observations  of  polarity  and  strength  of  earth 
currents  from  March  18th  to  April  5th,  1878,  for  the  purpose  of 
tracing  some  connection  between  them  and  the  moon*8  position 
daily;  and  I  now  enclose  the  sheet  I  then  drew  up,  with  belts 
across  where  the  negative  readings  preponderated,  and  which  are 
generally  pretty  equidistant,  and  show  a  retrograde  motion  (as 
to  time)  of  about  one  hour  per  diem,  so  that  in  a  lunar  month 
the  motion  of  the  negative  belt  crosses  the  24  hours.  •  •  . 
Mr.  Alexander  Adams  seems  to  have  hit  upon  the  same  result 
by  his  study  of  the  earth  current  on  land  lines."  And  in  a  note 
attached  to  his  diagram,  Mr.  Graves  adds:  *'  Of  the  568  nautical 
miles  of  caUe  upon  which  these  observations  were  made,  a  very 
small  proportion  of  it  would  be  under  the  influence  of  ocean  tidal 
flow  and  ebb — ^perhaps,  however,  sufficient  to  give  a  record  as  per 
Faraday's  researches."  I  beg  to  hand  the  President  Mr.  Graves' 
results,  and  it  will  be  seen  how  apparent  the  lunar  progression  is. 
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Mr.  Wollaston's  remarks  recalled  to  my  oi^^n  mind  an  incident 
which  presented  somewhat  similar  features  to  those  he  described. 

I  think  it  was  in  1868  that  Mr.  J.  B.  Chapman— of  the 
Post  Office — and  myself  spent  some  time  in  endeavouring  to 
localise  a  fault  in  one  of  the  Irish  Sea  cables.  The  variations 
in  resistance  and  polarisation-current  were  so  peculiar  that  the 
then  Engineer-in-Chief  directed  that  tests  should  be  taken  night 
and  day.  The  variations  followed  absolutely  the  run  of  the  tide ; 
and,  more  curiously  still,  every  high  wave  that  passed  u})  or  down 
channel  was  clearly  indicated  upon  the  galvanometer.  Those  were 
tidal  currents  with  a  vengeance !  but  it  transpired  that  during  a  gale 
the  grapnel  of  a  buoy  in  the  North  Irish  Sea  had  slipped  and  was 
dragged  down  channel  until  it  caught  hold  of  a  cable  in  the  South 
Irish  Sea,  and  in  due  time  produced  a  fault  which  varied  with  the 
strain  put  upon  the  grapnel  by  the  rise  and  fall  of  the  buoy.  I 
have  littie  doubt  but  that  in  shallow  water  the  tidal  flow  would 
have  a  somewhat  similar  effect  upon  any  very  minute  fault  in  a 
submarine  cable,  both  by  reason  of  variation  in  temperature,  strain, 
and  increased  weight  of  water.  Possibly,  however,  the  currents 
related  by  Mr.  Wollaston  were  really  earth  currents,  such  as  have 
been  described  in  my  paper.  Theoretically,  Professor  Ayrton  is 
probably  correct  as  regards  the  electrical  effect  of  tidal  waters 
passing  across  a  submerged  wire,  but  practically  no  appreciable 
current  would  result  therefrom :  certainly  the  earth  currents  referred 
to  in  my  paper  would  not  be  due  to  such  action. 

The  four  maxima  and  zeros,  which  appear  to  have  been  a  source 
of  difficulty  in  the  discussion,  are  practical  facts.  Each  maximum, 
by  whatever  term  we  may  describe  it,  is  a  distinct  rise  and  subsi. 
dence  of  current  in  a  given  direction,  and  we  should  not,  I  think, 
ignore  or  seek  to  explain  away  the  facts  because  they  will  not 
readily  coincide  with  theory,  or  with  the  e£bct  of  static  disturbance 
as  we  may  happen  to  be  acquainted  with  it. 

Nor  does  it  appear  necessary  to  consider  that  the  earth-current 
effect  is  due  solely  to  direct  static  action,  although,  as  secondary  or 
as  primary  influences,  neither  the  tiiermal  theory  nor  the  idea  of  a 
tidal  motion  of  the  earth's  crust  in  any  way  assists  to  a  solution. 
There  are,  however,  other  possibilities  which  may  be  worthy  of  oon- 
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aideration.  For  instan^,*if  the  eaxth  current  be  due  to  difference 
of  potential  upon  tlie  earth's  surface,  then,  presumably,  the  longer 
the  wire  in  a  given  direction,  the  stronger  should  be  the  current, 
other  things  being  equal :  but,  as  will  be  seen  from  the  following 
results,  experiment  shows  that  the  length  of  a  wire  has  little  in- 
fluence upon  the  strength  of  the  earth  current ;  whilst,  upon  the 
other  hand,  the  introduction  of  a  very  moderate  resistance  is 
su£Scient  to  reduce  its  strength. 

Eabth  Cubrent  Observations  upon  Wires  diipebing  in  Length,  but  extending 
IN  the  same  Direction,  and  having  the  same  Besistance. 


Wire  extending 
from  London  to 

li 

55 

Earth  Current  Beadlngsi 

Weather. 

1 

1 

2 

3 

—  10 

—  5 

—  9 

—  7 

4 

5 

Mean. 

Nottingham 

Sheffield      

Leeds    

Glasgow      

128 
165 
225 
.420 

+  10 
+  12 

+  8 
+   9 

—  6 

—  5 

—  9 

—  8 

—  12 

—  18 

—  10 

—  10 

—  5 

—  12 

—  12 

—  20 

—  13 

—  9 

—  20 

11 

8 

9-4 
11-2 

Fine. 

Dull. 
Dry. 

Fine. 

Dull. 

Wolverton 

Rnghy 

Manchester 

52 

82 

190 

-18 

—  G 

—  13 

—  7 

—  12 

—  10 

—  8 

—  7 

—  11 

—  15 

—  16 

—  12 

12 

11-8 

11-2 

Such  results  suggest  to  my  mind,  first,  that  the  current  effect 
is  due  to  the  movement  of  a  body  of  static  electricity,  for  it 
s^pears  to  lack  in  great  measure  the  element  of  electro.motive 
force  ;  and,  secondly,  that  that  movement  is  mechanical.  I  mean 
by  mechanical,  that,  if  the  earth  and  her  electricity  travel  in  equal 
ratio,  no  current  effect  will  exhibit  itself  upon  a  wire  stretched  over 
the  former,  but  if  the  moon,  by  inductive  influence,  causes  a  retard, 
ation  or  dragging  of  the  electricity  as  it  passes  under  her  at  the 
major  and  minor  poles,  relative  speeds  are  set  up  between  the 
earth  and  her  electricity,  and  current  effects  m  a  given  direction 
are  the  result,  the  strength  of  which  will  be  proportionate  to  the 
difference  of  Utose  speeds  rather  than  to  the  earth  or  moon's 
specific  ch^xge. 

Likewise,  may  not  an  acceleration  of  the  earth's  electricity  at 
the  electric  circle  result  as  compensation  for  that  retardation,  so 
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that  currents  are  produced  in  the  opposite  direction  to  the  former  ? 
Under  such  conditions  the  observed  four  maxima  and  four  zeros 
would  become  a  necessary  c<msequence. 

But  whateyer  the  cause,  these  four  maxima  and  zeros  are  most 
interesting  features,  and  may  yet  perhaps  throw  light  upon  the 
precise  causation  and  action  of  oceanic  tides. 

Some  remarks  were  made  in  reference  to  the  lagging  of  the 
tidal  phases  behind  the  moon.  To  me  this  feature  is  a  curious  and 
difficult  problem;  so  much  so  that  I  am  obliged  to  ask  myself 
whether  this  retardation  may  not  be  in  reality  acceleration — 
excuse  the  paradox ; — ^but  what  I  mean  is  this : — 

Suppose  a  disturbance  to  have  reached  the  earth  at  the  instant 
of  leaving  the  moon,  may  not  the  resultant  effect  of  that  disturb- 
ance be  carried  forward  by  the  earth  in  her  rotation  in  consequence 
of  the  superior  attraction  or  unity  existing  between  the  earth 
and  her  electricity,  so  that  a  given  point  upon  the  earth's  surface 
would  have  to  pass  the  moon,  as  regards  time,  before  it  reached 
the  full  effect  of  her  influence  ? 

In  conclusion,  I  beg  to  thank  you  for  the  very  kind  attention 
bestowed  upon  my  paper. 

The  Pbbsidekt  :  I  am  sure  I  shall  have  the  approval  of  the 
meeting  in  proposing  a  cordial  vote  of  thanks  to  Mr.  Adams  for  his 
paper,  which  has  led  to  an  extremely  instructive  and  interesting 
discussion.  The  subject  of  the  paper  is  a  very  complicated  one. 
It  is  obvioud,  I  think,  that  in  these  earth  currents  there  are  both 
local  and  general  effects — effects  which  we  can  only  hope  to  have 
mudi  light  thrown  upon  by  observations  extending  over  very  con. 
siderable  portions  of  the  earth^s  surface.  The  problem  becomes 
more  difficult  from  the  mixing  up  of  effects  attributable  to  local 
causes  with  those  affecting  larger  surfaces,  therefore  all  the  atten. 
tion  possible  should  be  given  to  the  matter ;  and  we  may  hope  that 
by  observations  such  as  those  made  by  Mr.  Adams,  and  by  discus- 
sions such  as  that  which  has  just  concluded,  our  knowledge  may  be 
greatly  extended. 

A  hearty  vote  of  thanks  was  then  accorded  to  Mr.  Adams,  and 
also  to  Mr.  Preece  for  his  supplementary  note  upon  the  electric 
storm  of  January  Slst. 
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Lieutenant  P.  Oabdew,  R.E.  :  Perhaps  I  may  be  permitted  to 
menticm  a  carious  incident  which  touches  upon  the  discussion  just 
closed.  Lately  I  have  had  a  bare  wire,  15  miles  long,  laid  out  on 
the  ground  for  telephone  experiments,  not  insulated  in  any  manner, 
but  lying  on  the  ground.  On  Tuesday  last  (March  8th),  at  three 
o'clock^  a  peculiar  current  came  on  the  telephones,  a  current  quite 
distinct  from  that  produced  by  a  battery  (which  is  scratchy  and 
irregular)|  but  a  sort  of  rush  through  the  telephone,  quite  regular. 
At  the  moment  a  storm  was  passing  over  and  down  the  line  along 
which  the  wire  was  laid.  The  effect  was  perhaps  due  to  the  charge 
of  this  storm,  but  I  do  not  pretend  to  explain  the  cause. 

Mr.  H.  C.  FOBDB :  Fifteen  miles  of  wire  straight  out  ? 

Lieutenant  P.  Cabdew  :  In  a  loop,  with  one  turn  in  it. 

The  following  paper  was  then  read  :— 

ON  THE  APPLICATION  OF  DYNAMO.ELECTRIC 
MACHINES  TO  RAILWAY  ROLLING  STOCK. 

By  Lieut.  P.  Cabdew,  R.E.,  Associate. 

Dr.  Siemens  has  practically  demonstrated  the  possibility  of 
propelling  trains  by  means  of  the  electric  current,  generated  by 
fixed  machines  at  intervals,  and  transmitted  by  the  rails  to  an 
electrcmotor  taking  the  place  of  an  engine.  This  system  has  ob- 
vious  advantages  in  particular  conditions  to  which  it  will  undoubt- 
edly  be  applied,  such  as  the  transit  through  long  tunnels,  but  it 
will  never  supersede  the  steam  locomotive  for  ordinary  working. 

It  appears  to  me,  however,  that  dynamo-electric  motors  might 
possibly  be  advantageously  applied  to  the  ordinary  railway  loco- 
motives  and  carriages — 

1,  As  an  auxiliary  means  of  transmitting  the  pull  of  the  engine 
to  the  carriages,  and  thereby  lessening  the  wear  and  tear  on  the 
rails,  and  Uie  slip  of  the  driving  wheels ; 

2,  As  a  simple  and  efficient  brake. 

As  I  have  seen  no  proposal  as  yet  for  such  an  application  of 
these  madiines,  I  venture  to  hope  that  a  short  paper  on  the  subject 
may  be  thought  worthy  of  insertion  in  the  Journal  of  the  Society 
of  Telegraph  Ertgineers  and  of  Electridana. 
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I  propose  fixing  a  generating  machine  of  considerable  power  on 
the  engine,  and  motor  or  receiving  machines  oa  a  certain  proper- 
tion  of  the  carriages — the  former  to  be  driven  from  the  shaft  of 
the  driving  wheel  of  the  engine  by  gearing  at  a  high  velocity ; 
while  the  armatures,  or  revolving  magnets,  of  each  of  the  latter 
would  be  fixed  on  the  axle  of  a  pair  of  carriage  wheels,  turning 
with  it. 

The  generating  machine  might  be  a  simple  form  of  Gramme 
machine,  in  which  the  number  of  convolutions  of  wire  both  in  the 
revolving  and  stationary  coils  should  be  considerably  reduced  from 
that  suitable  for  electric  light  machines ;  while  the  size  of  the  wire 
should  be  proportionately  increased,  since  a  high  electro-motive 
force  will  not  be  necessary,  as  there  is  no  arc  to  be  maintained, 
while  the  current  will  be  unusually  large. 

The  receiving  machines  might  be  of  a  simpler  nature  still,  and 
perhaps  especially  designed  as  motors,  for  which  purpose  it  is 
generally  allowed  that  the  existing  djnamo-electric  machines  are 
not  entirely  satisfactory,  a  considerable  amount  of  the  magnetic 
pull  being  badly  disposed, 

A  point  of  primary  importance  for  such  machines  is  that  they 
should  require  a  minimum  of  attention.  The  sum  of  the  resistances 
of  these  machines  should  equal  that  of  the  generating  machine. 

The  connections  would  be  formed  by  copper-rope  leads,  of  large 
section,  fixed  along  the  bed  of  each  carriage,  the  ends  projecting 
and  being  coupled  to  each  other  when  the  train  is  made  up.  The 
tracing  would  be  as  follows  :•— From  one  brush  of  the  generator 
through  its  own  coils,  thence  through  all  the  standing  coils  of  the 
receivers  to  one  side  of  a  short-circuiting  switch  in  the  guard's 
van ;  from  this  a  lead  back  to  one  side  of  a  similar  switch  on  the 
engine ;  thence  through  the  revolving  coils  of  the  receivers  to  the 
other  side  of  the  switch  in  the  guard's  van,  which  is  connected  to 
the  other  side  of  the  switch  on  the  engine,  and  thence  to  the  other 
brush  of  the  generator.  Thus  it  will  be  seen  that  when  the 
switches  are  open  the  whole  are  in  oqntinuous  circuit;  but  the 
receiving  machines,  which,  as  will  be  seen,  necessarily  revolve  at 
the  same  rate  as  the  carriage  wheels,  are  so  arranged  that  the 
electro-motive  force  produced  l^y  them  is  in  opposition  to  that  of 


1881.]  MACHINES  TO  EAILWAY  ROLLINa  STOCK.  118 

the  generator,  the  dimensions  and  speed  of  the  latter  being  sucb  as 
to  produce  a  stronger  E.M.F.  than  the  whole  E.M.F.  in  opposition, 
or,  in  other  words,  to  tend  to  turn  the  receivers  faster. 

When  the  train  has  to  be  stopped,  after  shutting  off  steam,  the 
engine-driver  or  the  guard,  or  both  of  them,  would  put  down  their 
short-circuiting  switches.  The  effect  of  this  en  the  generator  will 
be  to  remove  the  opposing  E.M.F.,  and  at  the  same  time  reduce 
the  resistance  in  its  circuit,  causing  a  large  increase  of  current, 
and  increasing  greatly  the  work  it  is  doing.  At  the  same  time  the 
magnetic  field  in  which  the  armatures  of  the  receiving  machines 
revolve  will  be  strengthened,  while  the  current  produced  by  them 
only  p&sses  through  the  short  circuits  and  two  leads  in  divided 
circuit.  The  energy  of  this  large  current  will  therefore  almost 
entirely  be  usefully  spent  in  stopping  the  train.  As  the  speed  of 
the  train  is  reduced,  the  current  is  lessened,  and  thus  injurious 
heating  of  the  large  section  wire  employed  is  avoided. 

It  will  be  in  the  armatures  of  the  receivers  that  large  section 
wire  will  be  most  essential,  since  they  are  connected  together  in 
"  tension,"  and  absolutely  short-circuited.  The  contacts  with  these 
armatures  would  probably  be  best  accomplished  by  rollers,  in  place 
of  the  brushes  generally  employed.  The  stationary  coils  of  the 
receivers  have  to  be  connected  separately  from  their  revolving  coils, 
because  they  are  necessarily  turned  in  a  ** reversed"  direction,  so 
that  they  would  produce  no  current  on  short  circuit  if  their  magne- 
tism were  not  maintained  by  the  current  from  the  generator. 

For  "  backing  "  the  train  the  circuit  should  be  broken,  which 
could  be  effected  automatically. 

I  think  it  will  be  admitted  that  an  efficient  brake-power  could 
be  provided  by  this  means,  and  that  its  application  woidd  be 
simple  and  certain  in  operation.  The  most  obvious  objection  to  it 
is  the  expense  of  the  machinery,  which  would  have  to  be  very 
jpowerfaL  But,  as  I  have  already  pointed  out,  these  machines 
would  not  have  to  maintain  an  electric  arc,  for  which  a  compara- 
tively high  electro-motive  force  is  necessary ;  hence  the  number  of 
convolutions,  and  consequently  the  expense  of  winding  would  be 
considerably  dimioisbed. 

Power  would  be  obtatined  by  reducing  the  ^otal  deotrical  reals.* 
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tance  to  a  minimum^  perhaps  not  exceeding  *1  ohm,  all  the  parts 
being  made  maBsivei  the  wire  of  very  large  section,  and  all  the 
electrical  joints  in  the  machines  and  condactors,  except  the  con. 
nection  between  carriages,  being  solidly  soldered  in  place  of  relying 
on  pressure  for  contact. 

The  latter  point  is  one  which  I  think  has  hardly  been  snffi- 
ciently  attended  to  in  the  low  resistance  machines  at  present  used. 
With  a  sensitive  quantity  detector,  deflections  can  be  obtained 
between  the  two  sides  of  nearly  every  joint  in  a  dynamo  that  has 
been  at  work  some  time,  and  I  have  known  a  seemingly  tight  joint 
show  a  difference  of  potential  of  4  volts,  indicating  in  a  machine  of  an 
electro-motive  force  60  and  a  total  resistance  in  circuit  of  1  ohm, 
a  resistance  of  ^  ohm. 

The  screw  connections  between  carriages  might  be  made  on  the 
same  principle  as  the  connections  in  fire-engine  hose.  The  com. 
mutators  and  brushes  would  have  to  be  of  such  form  as  to  stand 
considerable  wear,  and  avoid  sparking,  especially  those  of  the 
receiving  machines,  which  would  probably  be  difficult  to  get  at. 

The  designing  of  the  machines  would  require  some  preliminary 
experiments,  which,  however,  are  not  likely  to  be  carried  out.  Of 
course  arrangements  could  be  easily  made  to  shunt  a  sufficient  cur- 
rent  on  to  a  light  circuity  so  as  .to  show  a  powerful  light  when  run- 
ning through  stations  in  foggy  weather.  I  hope  the  idea  thus 
roughly  sketched  may  possess  some  interest,  even  if  it  should  be 
thought  impracticable.  Certainly,  the  communication  of  motion 
from  the  engines  to  the  carriages  by  some  other  means  than  the 
friction  between  the  driving  wheels  and  the  rails,  and  an  efficient 
brake-power  which  can  be  certainly  and  easily  applied  instanta. 
neously,  are  in  themselves  desiderata  in  railway  economy. 

It  is  perhaps  worth  notice  that,  in  this  application  of  the  dy. 
namo  principle  as  a  brake,  the  whole  energy  of  the  current  is 
usefully  expended,  the  work  done  in  the  external  circuit  being 
practically  nil,  while  that  done  in  all  the  machines  tends  to  stop 
the  train. 

Mr.  Alexandbb  Siemens:  The  proposed  application  of 
electricity  to  railway  brakes  is  certainly  interesting,  but  I  think,  in 
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the  form  in  which  it  has  been  put  in  the  paper,  that  it  is  hardly 
practicable.  It  would  be  difficult  to  wind  the  helix  or  revolving 
armatures  on  railway  carriage  axles.  I  sbould  not  like,  either,  to 
rely  upon  a  dynamo-machine  running  a  long  time  short-circuited. 
The  cost  of  the  proposed  thick  copper  wire  would  be  very  serious, 
seeing  that  four  wires  would  be  required.  Several  attempts  have 
been  made  in  this  direction,  but  the  great  objection  has  always  been 
that  the  distance  from  which  a  magnet  works  is  rather  short. 

Mr.  C.  E.  Spagnoletti:  What  Lieutenant  Cardew  has  brought 
before  us  is  very  interesting,  but  there  are,  I  fear,  too  many 
difficulties  in  the  way  of  its  adoption  to  allow  it  to  be  brought  into 
general  use.  Having  four  additional  connections  between  the 
carriages,  requiring  to  be  carefully  made,  would  be  a  great  difficulty 
in  the  practical  working  of  a  railway,  especially  at  junctions  where 
trains  are  often  broken  up  and  re-formed:  the  necessity  for 
adding  to  or  takiug  from  a  train  carriages  and  other  vehicles, 
would  be  another  great  obstacle  in  the  way  of  the  adoption  of  the 
system,  especially  in  its  present  form.  As  to  the  slipping  of  the 
wheels,  the  only  ones  which  slip  in  a  train  are  the  driving  wheels 
of  the  engine,  upon  which  is  the  whole  weight  of  the  train  on 
starting,  and  until  the  train  is  into  speed  the  assistance  of  the 
electrical  power  as  proposed  would  not  be  given. 

Mr.  Cbomfton  :  It  has  long  been  a  matter  of  astonishment  to 
me  that  a  good  electric  brake  has  not  been  brought  forward.  Any 
one  who  has  noticed  the  extraordinary  "  pulling.up  "  effect  on  the 
driving-engine  when  the  circuit  of  a  dynamo-electric  machine  is 
closed,  must  have  felt  that  a  brake-power  existed  which  ought  to 
be  utilised  for  railway  purposes.  I  think  Mr.  Spagnoletti  overrates 
the  difficulty  of  the  fittings.  Railway  companies  already  have  air- 
tight connections  between  their  carriages  for  air  brakes,  and  I 
consider  that  the  connections  for  an  electric  brake  would  not  be 
more  difficult  to  manage.  There  is  something  to  be  done  in 
this  direction,  and  it  is  my  firm  conviction  that  something  will  be 
done  in  it  before  many  months  have  passed.  The  difficulty  as 
to  binding  the  bobbins  on  the  carriage  axles,  mentioned  by  Mr.  A* 
Siemens,  can  be  got  over  by  adopting  a  suitable  form  of  armature 
which  already  exists.    Lieutenant  Cardew  will  get  into  difficulties 
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by  reducing  the  number  of  the  curmature  segments :  be  will  haye 
mucb  sparking  at  the  brushes,  etc.  To  avoid  q)arks  and  severe 
wear  of  the  collecting  cylinder,  it  is  advisable  that  the  current  be 
distributed  over  a  large  number  of  segments,  and  the  adoption  of 
a  thick  wire  will  Qot  in  any  way  compensate  for  a  reduction  in  the 
number  of  segments.  In  my  opinion  the  brake  suggestion  can  be, 
and  will  be  carried  out,  and  the  only  wonder  is  tbat  the  patent 
list  does  not,  up  to  the  present  time,  contain  a  greater  number  of 
references  to  this  subject. 

Mr.  G.  K.  Winter  :  I  believe  the  idea  of  short-circuiting  a 
dynamo-electric  machine,  to  act  as  a  brake  to  a  train,  has  beea 
patented,  but  I  do  not  remember  by  whom.  By  using  V-shaped 
hooks  for  the  ordinary  coupling  chains  of  a  train,  and  soldering  the 
leading  wires  to  these  hooks,  I  have  not  found  it  difficult  to  ensure 
good  electric  connection,  to  be  used  for  signalling  purposes,  being 
easily  made  throughout  the  whole  train  when  it  is  coupled  up. 

Professor  Atrton  mentioned  that  the  i)atent  Mr,  Winter  referred 
to  was,  if  he  remembered  rightly,  one  of  Rapieff  s. 

Professor  HUGHES :  There  is  an  excellent  brake  used  in  France, 
called  **Achard's"  brake, — not,  however,  depending  upon  the 
employment  of  a  dynamo  machine, — which  is  now  imdergoing 
trial  against  the  Westinghouse. 

Mr.  J.  MUNRO :  The  dynamo  machine  has  been  applied  to  the 
brake  referred  to  by  Professor  Hughes. 

Mr.  H.  R.  Kempb  :  One  point  seems  to  me  to  have  been  over- 
looked by  brakes  in  dynamo  machines  being  shorUcircuited — i.«., 
when  a  train  is  brought  up  in  that  manner,  it  is  obvious  that  the 
current  will  become  weaker  and  weaker  as  the  train  stops,  and 
consequently  the  brake  will  slacken  off  In  non-electrical  brakes 
the  reverse  process  is  observed. 

Professor  Ayrton  :  Is  not  Mr.  Kempe  forgetting  that  it  has 
been  distinctly  proved  by  Captain  Dalton  that  the  proper  method 
of  applying  brake-power  to  a  train  is  to  apply  considerable  force  at 
at  first,  and  then  rapidly  diminish  it  as  the  speed  of  the  train 
diminishes — in  fact,  always  to  keep  the  retarding  force  less  than 
is  necessary  to  skid  the  wheels?  The  diminished  braking  power 
of  wheels  when  skidded,  arising,  probably,  from  kinetic  friction 
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beiog  less  than  static  friction,-  is  so  fully  realised  on  the 
Metropolitan  Railway,  for  example,  that  you  may  see  in  the  brake- 
vans  notices  containing  strict  injunctions  against  skidding.  Now, 
an  electric  brake  would  act  most  powerfully  when  the  speed  was 
greatest,  and  would  not  act  at  all  if  the  wheels  were  skidded: 
hence  an  electric  brake  fulfils  most  perfectly  the  conditions  arrived 
at  by  Captain  Gal  ton,  as  necessary  to  be  fulfilled  to  stop  a  train  in 
the  most  efficient  way.  I  quite  agree  with  Mr.  Crompton  that  the 
apparent  difficulty  of  connecting  up  the  carriages  electrically  is 
purely  imaginary.  The  successful  introduction  of  vacuum  and  air- 
pressure  brakes  has  proved  that  there  is  no  real  difficulty  in  having 
such  connections  properly  made,  if  only  proper  couplings  are 
devised.  Lieutenant  Cardew  has,  I  think,  complicated  his  very 
ingenious  system  by  using  so  many  wires ;  and,  were  there  not 
another  paper  waiting  to  be  read,  I  should  like  to  indicate  some- 
what fully  another  method  that  has  occurred  to  me,  and  by  means 
of  which  the  same  results  can,  I  think,  be  more  simply  attained. 

The  Pbesident  :  There  is  another  action  besides  the  one  that 
Lieutenant  Cardew  has  made  the  subject  of  his  paper,  available  for 
a  brake  for  machinery — that  is,  the  eflfect  due  to  the  induced  cur- 
rents  in  a  conductor  moving  near  a  magnet.  The  stopping  of  a 
copper  disk  moving  between  the  poles  of  a  magnet  is  a  very 
familiar  experiment.  If  the  disk  is  at  all  thick,  even  a  very  mode- 
rate magnetic  power  causes  a  very  rapid  stoppage.  That  is  an 
instance  of  a  perfectly  smooth  brake  which  would  follow  precisely 
the  conditions  which  Professor  Ayrton  has  mentioned ;  there  could 
not  be  any  possible  skidding.  It  is  a  question  whether  suffi- 
cient power  could  be  got  in  this  way,  but,  if  we  could  have  a 
powerful  electro-magnet  in  three  or  four  carriages,  we  might  get  a 
very  great  brake-power.  It  would  not,  of  course,  fulfil  the  other 
part  of  Lieutenant  Cardew's  plan  of  distributing  the  driving  power 
at  various  parts  of  the  train,  instead  of  having  it  all  concentrated 
in  the  engine. 

Professor  Ayrton  :  I  am  not  sure  that  the  idea  of  using  a 
dynamo  machine  is  not  the  mistake  in  the  arrangement,  and  that 
far  better  results  could  be  obtained  by  using  magneto-electrio 
machine.    One  of  the  great  difficulties  in  dynamo  machines  is  the 
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necessity  of  having  a  strong  current  to  magnetise  the  field  magnets, 
and  for  such  strong  current  there  must  consequently  be  thick 
wires  to  prevent  fusing ;  but  with  magneto-electric  machines  with 
permanent  field  magnets  there  is  no  necessity  for  a  strong  current, 
and  in  such  a  case  we  can  have  the  transmisson  of  a  large  amount 
of  power  with  a  weak  current,  or,  consequently,  with  only  a  small 
waste  of  power.  To  attain  this  result,  the  armatures  both  of  the 
generator  and  motor  must  be  moving  very  rapidly.  With  magneto, 
electric  machines,  Lieutenant  Cardew's  connection  could  be  veiy 
much  simplified,  since  all  that  would  be  necessary  would  be  merely 
to  make  one  reversal  of  the  connections  between  the  generator  on 
the  engine  and  the  motors  under  the  carriages,  in  order  to  convert 
the  moving  power  into  a  brake-power ;  whereas,  with  Lieutenant 
Cardew's  arrangements,  the  current  flowing  through  the  field 
magnets  has  to  be  kept  constant  in  direction,  and  only  that  flowing 
through  the  revolving  armatures  reversed,  and  hence  his  connec- 
tions appear  rather  complicated.  And,  as  I  have  already  men. 
tioned,  far  greater  efficiency  can  be  obtained  with  magneto.electric 
machines  than  with  dynamo-electric  ones. 

Up  to  the  summer  of  1879  there  seemed  to  be  a  curious  miscon. 
ception  existing  in  the  minds  of  even  distinguished  electricians, 
regarding  the  theoretical  considerations  of  the  efficiency  of  electric 
transmission  of  power.  There  are  two  distinct  questions  to  consider : 
Do  you  want  a  motor  to  give  out  work  rapidly  ?  or  do  you  want 
the  arrangement  to  transmit  power  most  economically  ?  The  two 
questions  are  quite  easy  to  solve,  and  lead  to  quite  distinct  answers. 
Let  E  be  the  electro-motive  force  of  the  generator^  e  the  back 
electro-motive  force  of  the  motor,  and  r  the  total  resistance  in 
circuit,  then  the  work  put  into  the  generator  is 

and  the  work  given  out  by  the  motor  is 

E  -« 

e 

r 

If  now  we  want  the  latter  to  be  a  maximum — that  is,  if  we  want 
work  to  be  given  out  most  rapidly,  independently  of  the  work  put 
into  the  generator,  then  e  must  equal  \  E ;  and,  as  the  efficiency  of 
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E 

the  arrangement  is  always  the  ratio  of  the  two  firactions,  or  ~,  the 

maximum  efficiency  when  the  motor  is  giving  out  work  most 
rapidly  is  ^.  And  this  was  the  result  that  had  been  arrived  at, 
and  which  it  was  erroneously  assumed  would  alwaya  apply.  But» 
if  we  desire  to  transmit  work  most  economicallyi  we  must  make 

E  —  e  .  E 

not    e  a  maximum,  but  simply  —,  and  the  answer  to  this 

is,  of  course,  make  E  =  6.  Then  the  current  flowing  through  the 
wires  connecting  the  generator  and  the  motor  will  be  very  small, 
and,  consequently,  unless  magneto-electric  machines  or  dynamo, 
electric  with  separate  exciters  are  employed,  the  gain  in  efficiency 
will  be  at  the  expense  of  the  amount  of  the  work  transmitted,  since 
the  field  magnets  will  not  be  excited.  But  when  it  is  so  arranged 
that  the  strength  of  the  inducing  magnetic  field  in  both  generator 
and  motor  is  independent  of  the  strength  of  the  current  which  con- 
veys  the  power  from  one  to  the  other,  then  E  may  be  made 
nearly  equal  to  e  by  putting  so  light  a  load  on  the  motor  as  to 
allow  it  to  run  nearly  as  fast  as  the  generator,  and  then  the  waste  of 
power  which  depends  on  E  —  e  will  be  nearly  nought.     But  if  the 

actual  speeds  of  each  machine  be  very  high,  E  and  e  will  be  very 

jj ^ 

great,  so  that,  although  E  —  «  is  small,  the  value  of E  and 

jj ^ 

of  e  may  be  made  as  great  as  we  like — that  is,  the  waste 

may  be  diminished  without  diminishing  the  power  actually  trans, 
mitted.  It  was  this  consideration  that  led  Professor  Perry  and 
myself  to  anticipate  in  1879  that,  so  far  from  ^  being,  as  was  then 
stated  in  all  publications  on  this  subject,  the  limit  of  the  efficiency, 
I  or  more  could  be  attained — ^a  result  which  has,  I  am  glad  to  say, 
since  been  experimentally  corroborated. 

The  water  analogy  may  perhaps  not  only  assist  in  forming  a 
clear  conception  of  this  question,  but  actually  shows  that  in  this 
case  perfectly  similar  considerations  are  applicaUe  both  for  electric 
and  for  fluid  transmission  of  power.  Supposing  we  have  a  force, 
pamp  forcing  water  up  a  height  into  one  end  of  a  pipe,  and  that 
the  water  falling  out  at  the  other  end  works  a  turbine,  then 
clearly  the  work  expended  at  one  end  depends,  not  only  on  the 
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amount  of  water  pumped  up,  but  on  the  height  to  which  it  is 
raised,  and  the  work  given  out  by  the  water  at  the  other  end  of 
the  pipe  depends  partly  on  the  amount  of  water  falling  and  partly 
On  the  height  through  which  it  falls.  The  waste  of  power  in  the 
pipe  depends,  for  a  given  pipe,  only  on  the  amount  of  water 
passing,  which  again  depends  on  the  difference  of  level.  If,  then, 
we  make  this  difference  of  level  very  small,  we  shall  diminish  the 
flow,  and  also  the  waste ;  but,  by  raising  the  pipe  bodily  up  higher 
and  higher,  we  can,  for  the  same  very  small  current  and  absolutely 
small  waste,  make  the  work  put  into  the  water  at  one  end  and  the 
work  given  out  by  it  at  the  other  as  great  as  we  like.  Raising  the 
pipe  very  high  up  in  the  air  is  of  course  a  mechanical  difficulty, 
but  the  same  result  can  be  of  course  arrived  at  if  we  make  a  very 
little  water  flow  through  a  pipe  on  the  ground  at  very  great 
pressure.  Great  strength  of  pipe,  which  would  be  necessary  if 
the  water  were  under  great  pressure,  is,  however,  far  more  difficult 
to  attain  than  very  good  insulation  for  our  wires,  which  would  be 
necessary  if  the  electro-motive  force  of  both  generator  and  motor 
were  very  large. 

Lieutenant  Cabdew,  R.E.  :  I  must  express  my  thanks  to 
Professor  Ayrtonfor  the  able  remarks  he  has  made  upon  my  paper. 
I  had  thought  of  magneto  machines,  and  am  aware  of  their  superior 
efficiency,  but  I  hardly  think  that  the  magnets  would  be  sufficiently 
strong  as  compared  with  the  magnetism  produced  by  large  dynamo- 
electric  machines,  and  the  continual  vibration  might  produce  an 
iDJurious  e£pect  on  their  permanence. 

I  am  also  obliged  to  Mr.  Crompton.  As  to  the  short-circuiting, 
it  does  not  majse  the  least  difference  whether  each  separate 
machine  is  short-circuited,  or  the  whole  lot.  It  is  the  same  thing, 
as  there  is  no  appreciable  resistance  except  in  the  coils.  If  the 
machines  were  separately  short-circuited,  no  better  effect  would 
be  produced  than  is  at  present  obtained.  As  to  the  slipping  of 
the  wheels,  all  the  work  done  in  the  generating  machine  (I 
mean  that  portion  which  is  usefully  expended,  which  I  Ijave  noted 
as  90  per  cent,  of  45  per  cent.)  is  transferred  to  the  carnages 
without  being  transferred  by  the  friction  of  the  driving  wheels 
to  the  rails,  which  we  know  causes  destruction  of  the  rails. 
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Professor  Atbton  :  Is  that  45  per  oent.  the  result  of  practical 
experiment  ? 

Lieutenant  Cabdew  :  Yes.^ 

A  hearty  vote  of  thanks  was  then  accorded  to  Lieutenant 
Cavdew  for  his  paper. 

The  following  paper  was  then  read : — 

ON  THE  INTERFERENCE  WITH  THE  PROCESSES  OF 
MANUFACTURE  OF  WOOL  AND  HAIR,  ARISING 
FROM  THE  DEVELOPMENT  OF  ELECTRICITY 
DURING  SPINNING,  WITH  A  DESCRIPTION  OF 
APPARATUS  APPLIED  TO  OBVIATE  IT. 

By  E.  B.  Bright,  C.E.,  Member. 

The  attention  of  members  of  this  Society  is  usually  directed  to 
the  best  means  of  producing  and  utilising  electricity,  but  in  the 
present  paper  I  hare  to  bring  before  your  notice  apparatus  devised 
to  get  rid  of  electricity  developed  during  the  spinning  of  wool, 
which  has  proved  an  embarrassment  in  the  processes  of  manu- 
facture. 

This  trouble  in  working  is  especially  experienced  in  connection 
with  alpaca,  mohair,  and  the  high  class  or  (so-called)  '*  lustre  " 
wools,  both  during  the  preliminary  ^*  combing  "  and  when  the 
yam  is  being  drawn  down  by  successive  operations  to  the  fine 
numbers.    The  friction,  partly  of  the  machinery,  but  mostly  of 

*  This  question  was  asked  me  just  as  I  was  leaving  in  a  hurry  to  catch  a 
tnin,  and  I  am  afraid  that  my  answer  may  have  misled  Professor  Ayrton  and 
others  into  the  helief  that  I  had  experimented  in  this  way  with  dynamo 
machines  and  measured  this  amount  of  efficiency. 

An  efficiency  of  90  per  cent,  has  heen  ohtained  here  and  hy  other  experi- 
menters with  generating  machines,  and,  assuming  the  motors  to  he  equally 
efficient  and  of  equal  resistance  to  the  generator,  this  would  give  90  per  cent,  of 
45  per  cent.,  or  ahout  40  per  cent,  of  the  work  consumed  transferred  to  the 
carriages. 

Fontaine,  in  his  work  on  the  electric  light,  states  that  61  per  cent,  of  the 
expended  work  has  heen  practically  ohtained  from  the  motor.  This  can  only 
have  heen  effected  hy  employing  a  motor  of  considerably  higher  resistance 
than  the  generator. 
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the  fine  filaments  of  wool  one  upon  another,  developes  a  consider- 
able amount  of  electricity,  causing  the  yam  to  become  (using  the 
technical  term)  *'  stickleback." 

In  the  diagram  to  which  I  now  call  attention,  I  have  endeavoured 
to  portray  on  an  enlarged  scale  the  ''stickleback*'  condition 
that  the  yam  assumes.  Every  hair,  being  charged  with  electricity, 
both  within  and  without,  has  the  tendency  to  stand  on  end  away 
from  the  neighbouring  hairs,  in  order  to  discharge  itself.  It  clutches 
everything  in  its  passage  through  the  ''  roving  "  machinery,  and  by 
lapping  upon  the  *'  drawing  "  rollers  causes  constant  breaks  of  the 
yam,  and  giving  much  trouble  to  the  operatives. 

It  is  naturally  much  aggravated  by  dry  weather,  and  manu- 
facturers  have  been  sometimes  obliged  to  stop  working  for  days 
together. 

In  climates  where  the  atmosphere  is  generally  drier  than  in  this 
country,  the  phenomenon  is  of  course  more  frequently  met  with. 

I  am  informed  that  some  years  ago  an  equipment  of  spinning 
machinery  for  these  fine  wools  was  sent  out  to  the  United  States 
from  Bradford,  and  a  factory  was  fitted  up  with  it ;  and  worked  by 
Yorkshire  operatives,  also  exported.  It  was  found,  however,  that 
spioning  could  only  be  carried  on  for  a  few  months  in  the  year, 
and  that  principally  during  the  periods  of  thaw,  or  in  very  damp 
weather ;  and  althoiigh  steam  was  admitted  into  the  factory  ro(mis 
with  the  view  of  mitigating  the  evil,  while  nearly  stifling  the  work, 
people  the  manufacture  had  to  be^iven  up.  It  is  also  stated  to 
me  that,  owing  to  this  difficulty  in  dry  climates,  large  quantities  of 
yam  and  thread  are  sent  from  our  Yorkshire  factories  to  various 
parts  of  Europe  to  be  there  woven. 

Although  this  peculiaj  excitation  of  the  fibres  of  wool  and  hair 
has  been  observed  for  many  years  past,  its  origin  and  nature  were 
not  understood,  and  were  ascribed  generally  in  the  manufacturing 
districts  to  "  the  weather,' '  as  affecting  the  material.  Long  practice, 
however,  taught  manufacturers  the  lesson  that  placing  the  bobbins 
of  yam  aside  for  some  weeks  or  months  in  a  damp  cellar,  at  certain 
stages  of  the  drawing  or  '* roving"  processes,  gradually  reduced 
the  evil.  Experiments  were  also  made  (and  carried  out  to  some 
extent  in  practice)  in  which  the  wool  was  steeped  in  various 
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chemical  mixtures,  in  which  metallic  salts  proved  the  more  success- 
ful ;  the  reason,  though  uot  comprehended  at  the  time,  being  their 
greater  comparative  conductivity. 

Different  vegetable  solutions  have  also  been  employed  with  this 
object,  but  I  believe  that  in  all  these  applications,  while  the 
remedy  has  been  tedious,  and  only  imperfect,  the  result  has  been 
more  or  less  objectionable,  owing  to  the  mildew  in  some  cases,  and 
interference  with  dying  in  others. 

Practically,  the  plan  usually  adopted  has  been  to  store  the 
bobbins  of  wool  at  intermediate  stages  of  manufacture  in  moist 
places.  I  have  seen,  for  example,  at  the  extensive  works  of  Messrs. 
Foster  at  Queenbury  near  Bradford,  a  series  of  cellars  arranged 
like  a  great  system  of  wine  vaults,  with  bobbins  of  woollen  yam 
piled  on  the  shelves  instead  of  bottles. 

It  will  be  seen  that  such  a  system  necessitates  a  great  delay  in 
the  process  of  manufacture,  and  that  whatever  the  period  of  reten- 
tion  of  the  material  may  be  at  these  intermittent  stages,  the  capital 
necessary  for  carrying  on  the  business  is  proportionally  increased. 

In  the  woollen  manufacture  millions  of  pounds  sterling  are  thus 
locked  up,  entailing  a  corresponding  loss  of  interest  amounting  to 
some  hundreds  of  thousands  a  year. 

Upon  giving  my  attention  to  this  difficulty,  I  saw  that  the 
remedies  previously  applied  must  prove  ineffectual,  and  on  enquiry 
I  found  this  to  be  the  case.  The  idea  at  once  suggested  itself  to  me 
that  the  only  perfect  method  of  rapidly  neutralising  the  electricity 
in  and  about  the  wool  would  be  by  supplying  a  conductor  of 
electricity  to  every  filament  of  the  excited  material.  To  do  this 
it  occurred  to  me  to  place  it  in  a  closed  metallic  chamberi  and  then 
to  exhaust  the  air,  which,  though  a  bad  conductor  under  the 
ordinary  pressure  of  the  atmosphere  (obtaining  therefrom  the 
general  character  of  being  an  insulator),  becomes,  as  we  all  know, 
a  fidrly  good  conductor  when  adequately  rarefied.  The  chamber 
is  connected  with  the  earth  by  a  metallic  conductor. 

The  wool  charged  with  electricity,  not  only  on  the  outsidoi  but 
throughout  i^s  closely.wound  interior  layers,  is  rapidly  discharged 
through  the  rarefaction  of  the  air  extending  into  every  fold.  From 
10  to  30  minutes  suffice,  according  to  the  fineness  of  the  yam  or 
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thread,  and  the  closeness  with  which  they  are  laid  on  the  bobbin* 
In  practice,  the  exhaust  of  the  engine  at  the  works  has  been  used 
for  producing  the  requisite  degree  of  Yacuum,  but  I  consider  a 
separate  air-pump  preferable. 

The  only  appliances  are  the  chamber  already  referred  to  con. 
^ected  to  the  exhaust  of  the  enginoj  with  cocks  for  admitting  air  or 
turning  on  the  exhaust  as  required,  and  I  reconmiend  that  they 
should  be  made  of  a  convenient  shape  and  size  for  wheeling  in 
trucks  laden  with  the  bobbins. 

A  modification  of  this  arrangement  may  also  be  applied  to  the 
carding  or  combing  part  of  the  machinery,  by  which  a  considerable 
saving  in  the  wool  breakage,  and  consequent  increase  of  the  long 
wool  (technically  called  **  tops  "),  would  result. 

By  means  of  boxes  arranged  along  the  side  of  the  factory  rooms, 
the  electricity  generated  can  be  withdrawn  or  neutralised  at  any 
stage  of  the  manufacture,  as  in  a  few  minutes  the  effeqt  of  the 
rarefeu^tion  permeates  through  every  interstice,  and  affords,  not  only 
to  the  outside,  but  to  the  inside  of  every  hair,  relief  from  the 
electrical  excitement  to  which  it  has  been  subjected  during  the 
friction  of  hair  upon  hair  in  the  manufacture. 

It  might  be  assumed  that,  as  the  electricity  generated  is  of  a 
highly  volatile  character,  it  could  be  dissipated  by  connecting  the 
spinning  machmeiy  with  the  earth ;  but  this  would  only  intensify 
the  electrical  development,  inasmuch  as  the  wool  or  hair  consists 
of  hollow  tubes,  as  shown  in  the  diagram,  to  which  I  now  refer,  of 
an  enlarged  hair.  The  friction  induces  an  opposite  electrical  con. 
dition  between  the  inside  and  outside  of  the  wool  tube,  and  the 
addition  of  an  earth  connection  with  the  outside  must  tend  to 
increase  the  electrical  difference,  as  it  does  when  a  Leyden  jar  is 
being  charged. 

My  system  has  been  (successfully  introduced,  and  is  about  to  be 
extended.  I  am  satisfied  that  finer  yams  and  thread  will  be  made 
by  this  means  than  has  hitherto  been  found  practicable,  coupled 
with  a  large  saving  in  labour,  working  expenses,  and  capital. 

In  the  diagram,  A  is  the  section  of  an  iron  chamber  which  can 
be  exhausted  of  air  when  the  door  at  the  end  is  shut,  and  a  coni^ec* 
tion  established  with  the  air  pump  by  opening  the  valve.  B  is  an 
iron  trolly  filled  with  bobbins  of  electrified  wool,  C  C  C. 
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D  shows  the  door  of  the  chamber  when  open  to  admit  the  trolly. 

On  the  door  being  shut,  the  valTe,  E,  is  turned  to  connect  the 

air  pump  with  tiie  chamber  for  the  requisite  time,  and  then  turned 

in  the  oppoeife  direction  to  adiliit  air  again  to  tiie  chamber  l^  tibe 

pipe,  Q.    F  is  a  gauge  indicating  the  degree  of  exhaustion. 

Mr.  W.  H.  PfiEEOE :  Mr.  President, — I  think  it  is  only  fair  to 
Mr.  Bright  Sot  me  to  say  that  in  his  o^^  laboratory  I  have  seen 
him  perform  these  experiments  (those  which  accompanied  the 
paper)  with  absolute  and  perfect  success.  No  doubt  their  partiiLl 
faUure  was  due  to  the  apparatus  having  become  to  an  extent 
moist  from  the  natural  e£fects  of  the  occupation  of  this  hall,  i 
would  say  that  some  three  or  feur  years  ago  one  of  the  wealthy 
merchants  in  the  North  was  troubled  vBry  much  with  the  peculiar 
phenomena  referred  to  by  Mr.  E.  Bright.  Mr.  Qilpin,  the  Supeiin- 
tendent  of  the  Postal  Telegraph  Department  of  Bradford,  was 
requested  to  visit  the  workshops  (Yorkshire  millionaires  are  not 
electricians),  and  he  at  once  saw  that  the  cause  of  the  threads 
"standing  on  end,  like  quills  upon  the  fretful  porcupine,"  was 
statical  electricity.  Mr.  Edward  Bright,  simidtaneously  and  inde- 
pendently, was  working  at  the  subject,  and  he  has  succeeded  in 
curing  it  in  the  way  he  has  just  shown  to  ud,  and  I  can  vouch  for 
the  efficacy  of  the  arrangement.  ' 

The  Pbesident  :  It  is  an  extremely  interesting  phenomenon, 
and  an  ingenious  mode  of  cure,  and  one  upon  which  further  dis- 
cussion would  be  interesting. 

Mr.  M.  RofiEBTS :  I  notice  that  the  bobbins  shown  by  Mr.  E. 
Bright  are  made  of  wood.  I  should  like  to  be  informed  whether, 
if  metal  bobbins  were  used,  there  would  be  any  difference  in 
effect  ? 

Mr.  E.  Bright:  The  bobbins  are  of  wood.  I  do  not  think  a 
change  to  metal  bobbins  would  aflfect  the  production  of  the 
electricity,  but  it  would  slightly  accelerate  its  dissipation.  Looking 
at  the  very  large  stocks  of  bobbins  held  by  the  manufacturers,  I 
am  afraid  it  would  be  a  difficult  matter  to  persuade  them  to  incur 
the  cost  of  a  change  to  metal  bobbins,  though  no  doubt  the  latter 
would  be  preferable  in  some  respects.  I  will  repeat  the  experi- 
ments  at  our  next  meeting,  taking  precaution  to  prevent  moisture 
interfering,  as  appears  to  have  happened  just  now. 
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Subsequently  the  experiments  were  successfully  repeated. 

The  Fbesident  :  The  phenomena  referred  to  by  Mr.  B 
are  by  no  means  uncommon  in  manufacturing  operations.    Oi 
my  own  earliest  experiences  in  electrical  matters  was  in  a  c 
printing  works^  where  long  woollen  blankets  placed  under  the 
of  calicO}  as  they  came  over  the  printing  machine,  became 
highly  charged  with  electricity.    The  blankets  passed  froi 
machines  into  hot  chambers  for  drying  the  colours  applied 
cloth,  and  I  remember,  when  I  was  a  boy,  charging  a  Leyd< 
by  holding  the  knob  against  the  blankets,  and  then  getti 
workmen  to  stand  in  a  circle  and  have  an  electric  shock, 
doubt  similar  effects  are  produced  in  many  manufactures, 
they  do  not  usually  interfere  with  the  process  to  the  same  e: 
as  in  the  case  that  Mr.  Bright  has  brought  before  us. 

A  hearty  vote  of  thanks  was  passed  to  Mr.  E.  Bright  foz 
paper. 

A  ballot  for  new  candidates  then  took  place,  at  which 
following  were  elected,  and  the  meeting  adjourned  until  Thun 
the  24ih  March  next : — 


Foreign  Member : 
Lieut..Col.  Hijinio  Vallejos. 


Members : 
Lieut.  Al&ed  C.  MacDonnell,  1 
Charlton  Wollaston. 


Associate: 
Fielding  Chevallier. 
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The  Ninety-eighth  Ordinary  General  Meeting  of  the  Society  was 
held  on  Thursday  evening,  March  24th,  1881,  at  the  Insti- 
tution  of  Civil  Engineers,  25,  Great  George  Street,  West. 
minster— Professor  Q.  C.  Fostek,  F.R.S.,  President,  in  the 
Cbair. 

The  Secbetaet  read  the  minutes  of  the  last  meetingi  which 
were  put  and  confirmed. 

The  Pbesident:  I  have  to  announce  that  Professor  Helm, 
holtz  is  coming  to  London  shortly,  to  deliver  the  Faraday  lecture 
to  the  Chemical  Society.  An  intimation  has  reached  the  Council 
of  this  Society  that  probably  Professor  Helmholtz  might  set  apart 
one  evening  of  his  stay  in  London  to  meet  the  members  of  this 
Society.  Should  such  a  probability  be  realised,  the  evening  which 
has  been  mentioned  as  likely  to  be  fixed  for  the  purpose  is 
Monday,  April  11th.  The  Council  have  appointed  a  Committee 
to  consider  arrangements  for  the  suitable  reception  of  the  Professor, 
and  information  of  whatever  may  be  decided  upon  will  be  given  to 
members  as  soon  as  possible.     (Applause.) 

The  names  of  new  candidates  were  then  announced,  and  their 
nomination  papers  suspended. 

The  following  paper  was  then  read : — 

TELEGRAPHS  IN  JAPAN. 
By  J.  MOBBIS,  Member,  Local  Honorary  Secretary  for  Japan, 

Nine  years  ago  Japan  was  described  as  a  land  of  which  little 
was  known,  and  still  less  understood.  Western  civilisation  has 
since  that  time  progressed  rapidly,  and  at  this  day  it  must  be 
«.  «mitted  that  an  average  acquaintance  with  the  general  charac- 
teristics  of  the  country  and  its  people  is  now  possessed  by  the 
reading  public  of  the  world. 

Railways  havo  been  constructed  and  worked  on  a  small  scale 
between  the  present  capital  of  Tokio  and  the  open  port  of  Yoko- 
hama, and  between  the  ancient  capital  of  Kioto  and  the  ports  of 
Osaka  and  Edbe — in  all,  about  70  miles;  and  the  benefits  accruing 
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to  the  possessors  of  rapid  and  effective  means  of  transit  are  so  far 
appreciated  by  all  classes  that  very  considerable  traffic  is  now 
being  conducted  thereby,  and  the  GoTemment  is  vigoroosly 
extending  the  system  to  places  farther  inland — ^tfae  coitres  of 
trade  in  tea  and  silk. 

Mining  operations  in  iron,  gold,  and  silver  are  receiving  a  fair 
share  of  attention,  and  with  the  prospect  of  ultimate  success— 
though  the  scarcity  of  good  roads,  apart  from  the  celebrated  one 
which  traverses  the  country  from  north  to  south,  is  likely  to  prove 
a  serious  obstacle  for  some  years  to  come. 

Lighthouses  have  been  erected  around  the  coast  to  an  extent 
which  renders  the  otherwise  dangerous  seas  of  the  Japan  Islands 
comparatively  easy  of  navigation,  and  have  so  far  been  maintained 
with  a  noble  disregard  of  the  "light  dues"  enforced  in  some 
countries  upon  shipping. 

The  advantages  derived  from  the  existence  of  a  powerful  fleet 
of  merchant  steamers  were  unmistakably  felt  in  connection  with 
the  suppression  of  the  late  insurrection  in  the  island  of  Eiushiu  ; 
but  the  fact  must  not  be  lost  sight  of,  that  even  this  powerful 
weapon  could  only  have  been  inefficiently  wielded  had  it  not  been 
that  the  system  of  land  telegraphs  extended  to  most  of  the 
important  towns  of  the  empire,  whereby  the  Government  vms 
not  only  placed  almost  instantaneously  in  possession  of  details  of 
the  outbreak,  but  was  subsequently  enabled  to  make  such  disposi- 
tion  of  its  military  and  naval  forces  as  to  efiectually  quell  a  rising 
which  at  one  time  seemed  to  threaten  to  end  in  another  revolution. 

It  is,  of  course,  with  the  past  history  and  present  doings  of  this 
branch  of  the  public  works  service  that  I  venture  to  trouble  the 
members  of  the  Society  to-night ;  and,  while  entering  upon  the  task 
with  great  diffidence,  I  trust  I  may  succeed  in  placing  some  few 
facts  before  the  meeting  which  may  not  be  wholly  uninteresting. 

As  far  back  as  the  year  1869,  attention  had  been  directed  to 
the  telegraph,  and  two  short  lines  had  been  provided  and  worked 
by  Br^guet  alphabetical  instruments,  from  Tokio  to  Yokohama, 
and  Osaka  to  E6be — in  all,  about  40  English  miles ;  but  it  was  in 
1871  that  a  general  telegraphic  system  for  the  empire  was  decided 
upon.      Engineers  were  then  engaged  from  England,  and  upon 
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their  arrival  in  the  autumn  of  that  year  ^  rapid  preliminary 
survey  of  the  country  was  undertaken,  and  arrangements  made 
for  the  provision  of  the  requisite  timber — the  fittings  in  the  shape 
of  insulators,  brackets,  etc.,  as,  indeed,  wire  and  apparatus 
generally,  having  been  ordered  from  England.  In  the  course  of 
the  next  spring  and  summer,  communication  was  fairly  established 
through  one-half  of  the  principal  trunk  line,  and  in  the  ensuing 
autumn  the  entire  length  of  close  upon  900  miles  was  completed 
and  opened  provisionally  for  traffic,  though  as  yet  without  formal 
official  sanction,  that  being  reserved  until  the  elaborate  system  of 
lines  which  had  been  agreed  upon  for  the  whole  country  could  be 
carried  out  in  its  entirety. 

Innumerable  little  difficulties,  as  may  be  imagined,  were  met 
with  in  these  early  days.  The  people  of  the  interior  had  scarcely 
become  reconciled  to  the  new  order  of  things  consequent  upon 
the  revolution  of  1868;  the  old  feudal  system  was  practically  in 
fofce,  though  nominally  abolished ;  the  roads  were  but  very 
imperfectly  known  even  to  the  native  staff;  superstition  and 
dislike  to  the  introduction  of  Western  notions,  with  general  hatred 
of  the  foreign  ''barbarian:"  all  had  a  share  in  rendering  the 
establishment  of  the  telegraph  in  the  interior  anything  but  an 
easy  task,  or  absolutely  devoid  of  personal  danger.  Happily,  this 
has  long  ceased,  save  in  times  of  unusual  excitement  among  the 
peasantry,  and  such  instances  are  very  rare. 

The  timber  employed  in  these  earlier  works  was  not  carefully 
selected, — a  great  deal  was  sacrificed  to  speed  of  construction, — 
yet,  nevertheless,  some  of  the  poles  then  set  up  are  in  existence  to 
this  day.  Most  of  them  perished,  however^  with  the  third  or  fourth 
year  of  their  existence,  and  all  were  replaced,  with  very  few 
exceptions,  within  six  years. 

The  tree  from  which  the  poles  are  commonly  cut  in  Japan  is 
the  **  SQgi,"  a  species  of  cedar  (Cryptomeria  Jcuponioa) ;  other 
woods  are  employed  to  some  extent,  among  them  the  ''  hi.no.ki  " 
(BMniBpOTa  obtuaa)^  and  this  last  appears  to  be  less  affected  by 
diy-xot  than  the  cedar*  Owing  to  various  oauses^  however,  there 
exists  a  great  difficulty  in  die  way  of  obtaining  properly  felled 
and  seasoned  timber ;  and  it  is  unlikely  that  this  will  be  diminished 


180  TELEGBAPH8  IN  JAPAN.  [Mar.  24th, 

from  the  fact  that  the  sopplies  of  wood  in  the  immediate  neigh- 
bourhood of  the  main  trunk  lines  have  become  practically  exhausted, 
and  we  have  to  look  to  the  more  remote  inland  hill.sides  to  yield 
sufficient  for  the  annual  maintenance  requirements. 

A  few  iron  poles  were  imported,  but  they  were  too  short  in 
length  to  be  generally  employed«  even  if  the  first  cost  and 
subsequent  charges  attendant  upon  their  transport  from  place  to 
place  had  not  been  so  vastly  in  excess  of  the  price  paid  for  wooden 
ones,  which  averages  about  3s.  6d.  for  24-feet  lengths,  gradually 
increasing  to  the  SO-feet  lengths,  for  which,  however,  a  very 
disproportionately  high  rate  is  demanded. 

The  life  of  ^*  sugi "  poles  naturally  varies  in  duration  very  much, 
according  to  the  soil  upon  which  the  tree  has  gro>vn,  and  to  that  in 
which  it  has  subsequently  been  erected ;  as  a  rule  it  is  not  safe  to 
expect  that  it  will  endure  beyond  four  years,  and  decay,  in  its 
earliest  stages,  frequently  makes  its  appearance  within  six  months. 
Tarring  has  been  extensively  resorted  to,  and  in  some  intances 
witli  success ;  from  the  trouble  and  expense  attending  transport  of 
tar  to  the  country,  however,  it  has  latterly  been  found  unadvisable 
to  persevere,  and  the  cheapest  and  simplest  course  appears  to  be 
to  replace  the  poles  after  a  four  years'  term,  or,  at  least,  as  soon  as 
decay  has  progressed  so  far  as  to  make  renewal  desirable.  This 
may  sound  somewhat  strange ;  but  timber  and  labour  are  so  cheap 
in  the  provinceSf  compared  with  the  cost  of  transit  of  preserved 
timber  by  water  or  other  means,  combined  with  the  fact  that  a 
numerous  staff  of  linemen  is  everywhere  regularly  employed  and 
available  for  repair  work,  it  is  a  question  whether  a  better  policy 
could  be  pursued,  at  least  at  present.  The  Boucherising  process  has 
lately  been  tried,  and  with  a  fair  measure  of  success,  as  far  as  the 
first  cost  of  poles  so  treated  is  concerned ;  but  the  calculations  are 
based  upon  the  assumption  that  this  timber  will  be  not  less  than 
three  times  as  durable  as  that  which  has  not  been  subjected  to 
similar  treatment :  this  the  future  can  alone  decide,  in  regard  to 
Japanese  wood.  Creosoting  is  quite  out  of  the  question,  owing  to 
the  enormous  expense  of  sending  the  poles  to  and  from  the  works, 
if  these  were  established  at  the  central  depot,  or  even  if  at  several 
convenient  points  in  the  interior,  everything  having  to  be  con- 


1681.]  TELEGRAPHS  IN  JAPAN.  131 

veyed  on  hand-barrows  or  on  men's  shoulders  for  many  miles.    So 
much  for  the  item  of  timber. 

The  short  lines  previously  referred  to  as  having  existed  prior 
to  1871,  were  worked  by  Breguet  instruments,  but  the  new  and 
long  lines  thereafter  provided  have  all  been  worked  by  Morse 
apparatus  supplied  by  Siemens  Brothers,  of  the  single-current 
pattern,  and  these  have  given  thorough  satisfaction.  Upon  the 
longest  line,  working  between  Yokohama  and  Nagasaki,  automatic 
translators  are  employed  at  K&b^,  but  occasionally  in  very  fine 
weather  the  wire  has  been  worked  direct  without  their  aid,  the 
batteries  being  of  the  value  of  about  80  cell  Daniell,  and  the  relays 
of  900  ohms  resistance. 

The  Daniell  battery  is  ordinarily  employed  throughout  the 
system  (a  few  Leclanche  cells  are  in  use  for  call.bells  merely), 
and  a  stock  of  plates,  cells,  and  copper  sulphate  is  supplied  to 
every  station  in  advance,  sufficient  for  six  months'  consumption. 

The  Breguet  instruments  were  retained  in  use  upon  the  short 
local  lines  in  the  capital  for  a  considerable  period,  but  gradually 
retired  in  favour  of  apparatus  of  the  Morse  type.  Single.needle 
instruments  were  employed  upon  the  Railway  Department's  wires 
between  Tokio  and  Yohohama  in  1872,  and  subsequently  on  those 
of  the  E6be  and  Osaka  section,  opened  two  years  later ;  but  these 
also  have  been  replaced  by  the  Morse  system,  with  the  object  of 
attaining  uniformity  in  regard  to  the  apparatus  in  use  as  far  as 
practicable.  The  ** single-needle  blocks"  originally  used  on  the 
railway  are  still,  however,  in  operation  for  train.signalling. 

At  first  the  wire  was  everywhere  suspended  from  insulators  of 
the  Varley  double-cup  earthenware  pattern,  fixed  in  Warden's 
brackets,  but  it  was  shortly  found  advantageous  to  make  use  of 
wooden  arms,  particularly  as  there  exists  in  the  country  a  very 
suitable  wood,  known  as  **  keyaki,"  and  also  a  species  of  oak,  both 
ever3rwhere  obtainable  at  moderate  price.  Moreover,  it  was  natural 
that,  in  a  country  famous  for  its  porcelain,  attention  should  early  be 
directed  to  the  production  of  a  material  suitable  for  insulators. 
The  first  attempts  in  this  direction  were  comparatively  failures, 
and  the  home-made  article  tamed  out  anything  but  well;  but 
want  of  success  at  the  outset  did  not  cause  the  manufacturers  to 
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despond,  and  in  the  end  a  porcelain  single-cup  insulator  was 
produced,  which  at  once  was  found  to  answer  all  requirements, 
and  has  since  given  general  satisfaction,  datmg  from  the  year  1874. 

The  best  material  for  porcelain  to  be  found,  for  the  purpose  of 
making  insulators,  was  obtained  from  a  hill  in  the  island  of  Kiushiu, 
regarding  the  use  of  which  there  was  formerly  the  strictest  prohi- 
bition,  save  when  the  articles  to  be  made  were  destined  to  grace 
the  palace  of  the  Tycoon  ('*  Sh6-gun  *').  Insulators  of  this  class, 
when  tested,  were  found  to  be  of  a  quality  beyond  the  cacapity 
of  a  Thomson  reflecting  galvanometer  of  20,000  ohms  resistance, 
unshunted,  with  a  battery  of  200  Daniell  cells,  to  determine. 

(Several  are  sent  herewith  for  inspection,  as  well  as  a  double-cup 
insulator  made  as  an  experiment,  but  too  costly  for  general  use.) 

At  the  present  time  an  instrument  of  the  same  resistance,  etc., 
is  employed  to  test-  every  insulator  before  it  leaves  the  works,  the 
standard  being  fixed  at  40,000  megohms.  Those  made  of  the 
famous  "  Imari "  or  "  Hizen"  ware  only  fail  to  the  extent  of  '797 
per  cent,  to  pass  the  ordeal ;  others  of  Kioto  ware  are  not  quite  so 
good.  Defective  cups  are  destroyed  immediately.  Later  on  I  may 
be  permitted  to  offer  some  statistics  relative  to  the  actual  tests 
taken  daily  for  insulation. 

In  connection  with  the  establishment  of  the  line  joining  the 
capital  with  Nagasaki  in  1872,  it  became  necessaryto  lay  a  sub- 
marine cable  across  the  Straits  of  Shimo-ncseki,  the  western 
entrance  of  the  ^*  Inland  Sea,"  which  divides  the  island  of  Kiushiu 
from  the  mainland  of  Nihon.  The  Straits  vary  in  width  from  two 
miles  to  only  one-third  of  a  mile  at  the  narrowest  point,  and  the  most 
suitable  position  for  the  cable  was  found  to  be  a  little  to  the  east, 
ward  of  the  narrow  channel,  where  the  width  is  1,350  yards.  The 
requisite  length  of  shore-end  cable  was  taken  down  from  Yokohama 
by  the  steamer  attached  to  the  department,  and  the  submersion 
was  readily  effected  by  means  of  small  native  lighters  towed  by 
ropes  carried  ashore,  and  there  hauled  in  by  some  hundred  or  so  of 
the  villagers  and  fishermen.  This  cable  has  remained  in  perfect 
condition  to  this  hour.  Four  others  have  since  been  carried  across 
at  the  same  point. 

The  only  diflSculty  attending  cable-laying  operations  in  these 
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Straits  is  occasioned  by  the  very  strong  tidal  currents,  which  sweep 
through  the  narrow  channel  with  a  velocity  frequently  exceeding  8 
knots  per  hour :  the  period  of  slack  water,  too,  is  of  so  brief 
duration  as  to  be  almost  undistinguishable.  The  cables  are  termi- 
nated upon  Siemens*  pattern  plate  dischargers,  in  convenient  huts 
built  for  the  purpose. 

The  experiment  was  tried  of  suspending  an  open  wire  across 
the  Straits  from  poles  erected  on  the  adjoining  hills,  the  length  of 
span  being  about  three-fourths  of  a  mile.  Owing  to  the  lack  of 
really  suitable  wire,  it  was  not  altogether  successful^  and  after 
hanging  for  a  week  the  wire  was  caught  by  the  mast  of  a  passing 
man-of-war. 

There  is  no  special  difficulty  to  be  contended  with  in  the 
provision  of  an  open  line  at  this  spot;  but  as  the  submarine 
connection  is  absolutely  safe,  and  costs  practically  nothing  for 
maintenance  (if  we  leave  out  the  item  of  very  gradual  deterioration), 
it  is  unlikely  that  the  experiment  will  be  repeated. 

At  Imagiri  Inlet,  about  midway  between  Yokohama  and  E6be, 
it  became  necessary  to  carry  over  the  line  on  poles  set  below  water 
level,  in  some  cases  to  a  depth  of  12  feet,  the  width  of  the  inlet 
being  about  2|  miles.  This  proved  a  somewhat  tedious  and  ex. 
pensive  operation,  especially  as  sea-going  native  vessels  pass  out 
by  the  central  channel,  the  masts  of  which  are  so  long  as  to  neces. 
sitate  the  wires  bemg  kept  60  feet  dear  at  high  water.  The  works 
were  substantially  executed,  and  the  line  existed,  with  occasional 
mishaps,  until  the  poles  decayed  in  1877  to  an  extent  which  ren. 
dered  renewal  imperative;  and  advantage  was  then  taken  of  a 
by  .road  passing  around  the  head  of  the  inlet  to  do  away  with  the 
crossing  at  its  mouth,  by  the  substitution  of  an  entirely  land  line, 
whichy  though  involving  extra  mileage,  is  less  costly  to  maintain, 
and  is  practically  secure  in  stormy  weather. 

The  rivers  of  this  country  have  proved  a  source  of  considerable 
trouble,  especially  in  the  hot  season.  In  winter  many  are  all  but 
dry,  but  in  floods  during  the  summer  and  autumn  months  the 
channel  becomes  a  mile  or  so  in  width  in  two  or  three  of  the  most 
important  rivers  of  the  east  coast ;  and  the  velocity  of  the  current 
at  such  times  is  prodigious,  quantities  of  timber,  even  houses  and 
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cattle,  being  brought  down  from  the  hUls  and  carried  on  with 
irresistible  force  to  the  open  sea.  The  width  from  bank  to  bank 
being  so  great,  it  is  not  practicable  to  span  such  rivers,  and  conse- 
quently poles  have  to  be  planted  in  those  portions  of  the  flood- 
channel  least  likely  to  be  disturbed  by  the  scour.  The  earlier 
attempts  in  this  direction  were  failures,  but  ultimately  a  system  of 
construction  was  adopted  which  has  for  five  years  proved  efficient 
to  withstand  the  rush  of  the  heaviest  floods^  and  there  is  now  no 
danger  of  the  long.continued  interruptions  to  communication  which 
frequently  occurred  prior  to  1874,  when  poles  were  regulariy 
washed  away  in  spite  of  all  attempts  at  affording  protection  by 
fenders  and  embankments. 

The  widest  of  the  east  coast  rivers,  the  Ten-riu,  is  now  crossed 
in  four  spans  averaging  450  yards  each,  the  double  (^'  H ") 
masts  being  60  feet  high,  and  the  wire  employed  of  No.  11  gauge. 
The  river  Oigawa,  where  the  floods  are  most  serious,  is  croesed 
in  three  spans  of  about  the  same  length,  at  a  point  where  the  banks 
approach  each  other,  somewhat  higher  up  stream  than  the  regular 
ferry.  All  the  poles  are  well  protected  by  fenders,  in  a  V  shape, 
formed  by  piles  driven  in  to  a  depth  of  12  to  16  feet,  the  wire 
stays,  in  the  same  way,  being  attached  to  piles,  so  that  they  can 
readily  be  tightened  if  ever  necessary. 

Many  attempts  have  been  made  to  bridge  these  rivers,  and  no 
doubt  immense  benefit  would  accrue  to  the  traffic  on  the  highroad 
if  this  could  be  effected ;  but,  so  far,  the  wooden  structures  provided 
in  the  winter  months  have  annually  been  swept  away  by  the  first 
floods,  and  probably  nothing  short  of  iron  screw-piles,  carried  down 
to  a  great  depth,  would  afford  any  security  as  bridge  supports, 
while,  the  beds  being  composed  of  large  stones  loosely  mixed  with 
sand  far  below  the  surface,  boring  operations  are  likely  to  be 
considerably  impeded. 

I  was  told  that  in  the  Fujikawa,  another  of  these  troublesome 
streams,  the  borings  showed  sand  to  a  depth  of  90  feet. 

The  frequent  changes  of  channel  rendered  the  preservation  of  a 
line  of  poles  peculiarly  hazardous,  and  it  became  necessary  for  this 
reason  to  reduce  the  number  of  supports  to  the  lowest  possible,  and 
to  make  as  long  spans  as  consistent  with  safety  in  the  much-dreaded 
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typhoons  which  frequently  blow  with  hurxdcane  force  around  these 
islands  in  the  autumn. 

At  the  outset  but  one  wire  was  suspended  from  the  poles  on  the 
Southern  trunk  line.  It  soon  became  evident  that  the  telegraph 
would  be  a  popular  institution,  and  greater  facilities  were  needed 
for  the  rapidly  increasing  traffic:  a  second  wire  was  therefore 
commenced  in  the  same  year.  Extra  wires  have' since  been  carried 
through,  and  at  the  present  time  there  are  5  wires  connecting  the 
capital  with  the  South,  irrespective  of  the  numerous  branches  and 
local  lines,  and  of  two  alternative  routes  by  the  middle  and  west 
coast  roads. 

The  total  mileage  on  the  31st  December,  1879,  was  as  under: — 

Poles     3,929}  English  miles. 

Wures 9,845  ditto. 

In  1871  a  school  was  established  for  the  training  of  the  Japanese 
youths  as  operators.*  They  have  year  by  year  been  educated  and 
sent  out  to  the  various  stations  as  rendered  necessary  by  the  exten- 
sion  of  the  service.  In  the  year  ending  June  30th,  1880,  in  all  227 
were  appointed  to  new  offices  or  sent  out  as  reliefis :  97  remained 
under  tuition. 

These  scholars  are  taught  to  write  and  speak  English,  and  also 
French  to  some  extent,  with  the  rudiments  of  an  English  education 
generally ;  and  they  have  to  qualify  as  Morse  operators  by  sending 
and  receiving  messages  at  a  fair  rate  of  speed  previously 
determined  upon. 

The  Japanese  language  having  no  regular  alphabet,  it  became 
necessary  to  form  a  combination  of  Morse  characters  to  represent 
the  sounds  of  the  syllabary  known  as  the  '*  Eatakana."  This  was 
effected  by  using  the  letters  of  the  International  Code,  supplemented 
by  others  formed  of  five  dots  and  dashes  (figures,  of  course,  ex. 
cepted),  to  produce  a  total  of  47  signs,  and  the  ^'native  alphabet " 
so  constituted  has  given  tolerable  satisfaction  during  the  nine  years 
which  have  passed  since  its  introduction. 

*  Thif  is  qvite  distinot  from  the  more  advanced  coones  of  telegraphy 
which  have  been  given  since  1878.  at  the  Imperial  Oollege  of  Engiaemng, 
Tokio,  to  those  of  its  stadents  who  select  the  telegraph  as  their  profession. 
VOL.  X.  10 
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The  madnteiianoe  of  the  lines  throughout  is  perfonned  by  a 
staff  of  inspectors  and  linemen,  who  have  all  (Undergone  practical 
training  on  new  and  repair  works ;  the  inspectors  being  required  to 
qualify  themselves  for  the  general  indoor  duties  at  offices,  such  as 
the  localisation  of  faults  in  wires  or  apparatus,  batteiy  testing,  &c.» 
before  receiving  their  appointments.  The  linemen  have  nearly  all 
been  taught  (under  the  eye  of  a  European  employe,  at  some  time 
or  other)  the  methods  of  fitting  and  setting  poles,  jointing  of  wires, 
etc.,  and  they  can  be  trusted^  as  a  rule,  to  execute  minor  repairs 
with  reasonable  despatch  and  skill. 

It  is  a  rare  occurrence  now  to  find  an  interruption  lasting  more 
than  half.a-day  on  the  trunk  lines,  unless  in  some  exceptionally 
bad  weather,  or,  as  happensr  in  the  North  in  winter,  accumulations 
of  snow  make  the  roads  impassable. 

The  workmen  thus  employed  are  divided  into  five  classes,  and 
distinguished  by  stripes  on  the  blue  cotton  livery  supplied  to  them 
twice-a-year :  on  the  back  they  bear  the  badge  of  the  letter  "  Den," 
or  **  lightning." 

In  some  few  instances  such  men  have  risen  to  the  grade  of 
petiy  officers,  but,  as  considerable  acquaintance  with  Chinese 
writing  and  arithmetic  is  essential,  the  number  of  those  who  have 
so  distinguished  themselves  is  very  limited. 

In  the  ten  months  of  the  present  year  ending  October  31st, 
there  were  153  interruptions  of  less  than  6  hours'  duration,  85  of 
less  than  12  hours,  27  less  than  24  hours.  21  other  faults 
exceeded  this  limit,  but  only  7  of  them  were  of  a  serious  character, 
and  were  due  to  floods  in  the  remote  provinces,  which  stopped  all 
traffic  by  road. 

If  we  have  regard  to  the  total  (87)  number  of  distinct  drcuUa 
for  the  304  days,  we  find  an  average  of  somewhat  less  than  one 
intetTuption  per  day  on  9^345  miles  of  wire. 

The  system  originally  provided  one  man  to  about  every  15 
miles  of  line — the  man  living  in  the  town  or  village  midway 
through  his  section,  and  walking  half  of  the  entire  length  each 
day  (Sundays  excepted).  For  economical  reasons,  and  to  afford 
more  complete  control,  however,  the  men  now  reside  at  the 
stations  (Which  are  only  30  miles  apart  on  an  average  along  die 
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trunk  line),  excepting  in  some  special  cases,  and  go  out  whmeyer 
a  fault  appears,  late  or  early,  patrolling  their  sections  only  once  a 
week  or  so,  and  this  plan  seems  to  answer  every  purpose. 

The  extension  of  the  tel^raph  has  produced  some  interesting 
results  in  regard  to  the  rice  trade.  In  former  years  a  stock  of  the 
stafif  of  life  equal  to  1^  years'  consumption  was  always  kept  on 
hand  in  the  granaries  of  the  various  castle  towns,  the  residences  of 
the  numerous  feudal  lords ;  but  with  all  precautions  famines  would 
occur  in  the  more  remote  principalities.  This,  happily,  is  now 
impossible,  owing  to  the  readiness  with  which  supplies  can  be 
concentrated  upon  any  district  threatened  with  scarcity  by 
failure  of  the  crop ;  and  thus  such  large  reserves  are  no  longer 
needed,  and  quantities  of  grain  can  be  placed  upon  the  market 
which  otherwise  would  be  lying  idle,  and  certainly  not  improving 
in  quality. 

Telegrams  are  constantly  exchanged  between  Japan  and  the 
principal  centres  of  the  tea  and  silk  conmierce  in  Europe  and 
America ;  and,  upon  the  receipt  of  information  firom  abroad  in  any 
degree  affecting  the  exports  &om  Japan,  it  is  immediately  distri- 
bated  to  the  i^nts  of  all  the  principal  merchants  in  all  parts  of 
the  empire.  In  regaid  to  these  products,  therefore,  the  telegraphs 
may  be  said  to  have  practically  worked  a  revolution  in  the  method 
of  carrying  on  mercantile  operations.  The  value  of  all  products, 
agricultural  or  otherwise,  has  vastly  increased  since  the  establish, 
ment  of  telegraphic  communication,  owing  to  the  greater  facilities 
affi)nied  thereby  to  trade  generally,  and  this  may  be  said  of 
property  of  all  kinds.  Some  idea  of  the  extent  to  which  the 
'*  wonder-working  "  wire  is  employed  by  Japanese  merchants  may 
be  gained  from  the  fact  that  recently,  when  the  Government  had 
to  prohibit  speculation  in  rice  and  paper  currency  for  a  brief  period, 
the  receipts  at  one  c^ce  alone  fell  off  to  the  amount  of  £70  as 
compared  with  the  day  before.  Before  telegraphs  existed,  relays 
of  messengers,  fleet  of  foot,  were  kept  constantly  in  readinessy  night 
and  day,  to  convey  despatches  affecting  the  prices  and  shipments 
from  the  various  ports — men  who  maintained  a  speed  of  9  miles  an 
hoar  for  a  distance  equal  (in  one  case  which  came  directly  under 
my  own  observaticm)  to  65  English  miles.    Across  the  Straits  of 
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ShimoQOseki,  where  five  sabmarine  cables  now  exist,  the  signaUing 
was  done  by  hand  flags  and  lanterns. 

The  total  receipts  for  the  year  ending  June  30th,  1879,  firom 
all  sources,  amounted  to  £108,823 ;  and  the  total  expenditure  (if 
we  except  the  item  of  cost  of  building  new  lines)  to  £101,674,  so 
that,  for  the  the  first  time  in  the  history  of  the  department,  its 
rerenue  exceeded  its  working  expenses.  The  new  extension  works 
involved  a  further  outlay  of  £25,809. 

The  total  number  of  telegrams  dealt  with  during  the  year  was 
1,272,756,  of  which  about  96  per  cent,  were  in  Japanese :  inter, 
national  messages  numbered  22,695. 

The  proportion  of  telegrams  in  the  native  language  averages 
about  one  to  every  30  individuals,  taking  the  population  at 
35}  millions,  as  determined  by  the  latest  census. 

The  rate  of  increase  in  traffic  and  receipts  is  represented 
roughly  by  the  diagrams  which  I  have  the  honour  to  submit  for 
the  inspection  of  the  members  of  the  Society. 

The  experience  of  the  last  few  years  has  shown  indisputably 
that  the  tariff  for  native  messages  was  originally  framed  on  a 
basis  too  low  to  make  the  Telegraph  Bureau  a  highly  paying  insti- 
tution,  but  a  low  rate  was  adopted  with  the  object  of  inducii^ 
the  public  to  make  general  use  of  the  system,  and  in  the  fear*  that 
a  high  tariff  might  have  a  prejudical  effect.  Doubtless,  at  this 
moment,  so  much  dependence  is  placed  apon  the  means  of  rapid 
interchange  of  news  between  the  chief  cities  and  ports,  and  the 
wires  play  so  important  a  part  in  mercantile  life,  that  an  increase 
in  charges  would  but  little  affect  the  traffic  in  bulk  ;  but  after  the 
lapse  of  9  years  it  is  not  thought  advisable  to  make  any  change  in 
this  direction. 

The  average  rate  for  20  characters  of  the  Japanese  language, 
for  a  distance  of  about  60  miles,  is  roughly  3  sen,  or,  at  present 
rates,  less  than  one  penny,  taking  the  entire  line  firom  Tokio  to 
Nagasaki  as  a  basis  of  calculation.  Of  course,  the  average  for  a 
shorter  distance  is  higher ;  but  the  messages  between  Tokio  and 
Yokohama  are  transmitted  for  7  sen,  which  is  about  equal  to  2^ 
for  20  miles. 

The  rates  established  for  the  foreign  traffic  throughout   the 
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oountiy  have  been  based  on  the  fact  that  it  costs  more  lor  their 
transmissicm,— skilled  clerks  are  specially  needed,— and  as  high  a 
rate  of  speed  as  compared  with  Japanese  trafiSc  cannot  be  main, 
tained.  The  average  price  for  20  words  (exclusive  of  the  special 
international  rates)  amounts  to  about  one-tenth  of  a  penny  per 
mile,  for  messages  passing  between  the  capital  and  Nagasaki.  In 
the  last  fiscal  year,  the  income  derived  from  foreign  telegrams  in 
this  way  was  £4,719. 

Submarine  cables  exist  at  places  around  the  coast  other  than 
Sbimonoseki :  there  are  two  in  the  '*  Inland  Sea,"  connecting  Nihon 
with  Shikoku,  at  a  point  where  the  channel  is  6  miles  wide ;  and 
two  across  the  Tsugaru  Straits,  near  Hakodate.  The  lighthouse 
steam  tender  **  Meiji  Maru  "  (a  Clyde-built  vessel)  was  employed 
in  connection  with  the  submersion  of  the  Shikoku  cables,  and 
the  Great  Northern  Telegraidi  Company's  '^ H.  C.  Oersted"  was 
engaged  to  lay  those  at  Hakodate. 

Hie  Shikoku  cables  originally  consisted  of  '*  deep  sea  At. 
lantic,^  with  corresponding  shore  ends,  but  were  never  very  strong, 
owing  to  previous  deterioration  during  the  6  years  the  material 
lay  at  Yokohama  without  (at  first)  proper  accommodation.  The 
fishermen,  moreover,  frequently  hauled  them  to  the  surface,  unin. 
tentionally  perhaps,  when  getting  up  their  anchors,  and  then  in 
ignorance  of  their  electrical  value,  set  themselves  free  by  the 
primitive  method  of  dividing  the  wires  with  a  hatchet ;  finally,  the 
teredo  navaUa  completed  the  work  of  destruction  by  boring 
innumerable  holes  in  both. 

It  was  not  until  January  of  this  year,  when  a  strongly  pro- 
tected cable,  2^  inches  in  diameter,  with  2  conductors,  was  laid,  that 
confidence  in  our  ability  to  maintain  a  reliable  line  of  conmiuni. 
cation  at  this  point  was  fully  restored. 

In  the  North  several  mishaps  have  occurred,  and  at  present 
only  one  of  the  two  cables  is  at  work :  it  is  intended,  however, 
daring  the  ensuing  spring,  to  lay  a  new  one,  with  two  conductors, 
from  Imabetsu  Bay  direct  to  Hakodate,  thus  avoiding  a  long  land 
line  liable  in  winter,  at  any  moment  to  be  stopped  by  snow. 
The  length  of  this  cable  will  be  about  33  miles. 

Tests  for  insulation,  and  on  fine  days  for  conductivity  twice-a. 
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week,  are  regularly  made  every  momiiig  at  7  o'clock,  at  three 
important  stations,  viz ,  Tokio,  E6b^,  and  Nagasaki.  As  all  the 
principal  lines  radiate  from  these  three  centres,  accoiate  know- 
ledge is  possessed  at  headquarters  of  their  condition  by  about 
9.0  a.m.,  including  some  idea  of  the  state  of  the  weather  eveiry. 
where. 

Insulation  is  determined  by  a  tangent  galvanometer  of  41  duns 
resistance — conductivity,  by  the  Wheatstone  bridge.  The  wires 
in  wet  weather  rarely  give  a  lower  insulation  resistance  than 
If  megohms  per  mile,  while  in  fine  weather,  the  Southern  lines, 
for  example,  show  no  visible  leakage  when  tested  to  Toyohashi,  a 
distance  of  180  miles,  which  implies  that  the  resistance  is  greats 
than  90  megohms  per  mile. 

Much  has  yet  to  be  done  in  the  way  of  obtaining  accurate 
meteorological  reports  by  telegraph  from  the  many  distant  stations. 
Great  benefits  must  follow  from  observations  of  wind  and  weather 
on  these  coasts,  peculiarly  fitted  as  the  islands  are  from  their  geo- 
graphical positicm  for  such  scientific  investigations. 

The  absence  everywhere  at  present  of  iron-works,  etc.,  in  proz. 
imity  to  the  lines  doubtless  is  a  great  advantage,  as  far  as  insulation 
is  concerned ;  but,  on  the  other  hand,  the  highroads  are  bordered 
by  Oryptomeria^  and  in  summer  the  branches  of  these  are  the 
resorts  of  countless  spiders,  which  endeavour,  and  not  without  suc- 
cess, to  counteract  the  beneficial  effects  of  fine  weather  on  the 
working  of  the  lines  by  spinning  myriad  threads  of  gossamer  be- 
tween the  earth. wires,  wooden  arms,  and  insulators  and  the  trees 
which  they  infest ;  and  nothing  is  needed  beyond  the  heavy  night- 
dews  to  render  these  fairy  conductors  almost  perfection  in  thwr 
capabilities  of  working  disaster.  Hen  are  constantly  employed  in 
sweeping  the  wires  with  bamboo  brushes  at  this  season,  but  the 
difficulty  can  in  no  way  be  completely  overcome. 

In  the  course  of  the  year  1877,  during  the  struggle  with  the 
Satsuma  rebels,  recourse  was  had  to  temporary  lines  of  telegraph 
to  a  great  extent,  and  were  instrumental  in  bringing  the  war  to  a 
speedy  termination,  by  reason  of  the  facilities  which  they  gave  to 
the  commanders  of  the  loyal  army  for  concentrating  their  forces 
quickly  at  given  points,  and  for  counteraoting  the  efifocts  of  the 
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rebel  leaders*  tactics  in  the  field.  The  Satsuma  men  made  forced 
mardiee,  and  might  have  effected  many  surprisesi  but  Uiat  the 
telegraph  was  ever  at  hand  to  -defeat  their  schemes,  and  to  give 
opportunity  for  employment,  to  the  best  purpose,  of  the  Qovem- 
ment  troops.  No  fewer  than  511  miles  of  line  were  construsted 
with  Uiis  object,  and  53  offices  were  opened  at  villages  immediately 
in  the  rear  of,'  or  in  direct  connection  with  the  afterwards  victori- 
ous army.  The  materials  employed  in  construction  were  light 
portable  posts,  vulcanite  insulators,  and  No.  11  wire,  every  use 
being  made  of  natural  supports  in  the  way  of  trees,  etc.,  when  prac* 
ticable ;  and  for  insulators,  when  the  stock  became  low,  any  thing 
in  the  shape  of  earth^ware  that  could  be  picked  up.  There  were 
but  few  interruptions  to  working  of  a  serious  character. 

On  the  31st  December,  1879,  there  were  112  offices  (ypen  for 
general  traffic,  local  and  international,  and  70  others  connected 
with  Government  departments,  railways,  or  police.  53  in  all  are 
kept  open  day  and  ^ight.  There  are  348  Morse  instruments  in  use, 
25  single-needle  blocks,  and  29  telephones  of  the  Bell  pattern. 
Some  of  the  latter  have  been  made  in  the  workshops,  and  answer 
very  well.  A  pair  of  Edison  telephones  have  been  tried  in  Tokio 
privately,  with  excellent  results. 

Seventy-one  instruments  of  various  kinds  are  fixed  in  the  school 
for  the  students  to  practise  upon. 

The  staff  of  the  department  on  the  31st  December,  1879, 
numbered  1,803  individuals  of  all  ranks,  of  which  496  were 
inspectors,  linemen,  and  workmen,  707  were  cashiers  and  clerks 
at  stations,  and  358  messengers— >the  remainder  being  engaged  at 
headquarters  as  oorreq)ondent8,  writers,  etc.,  or  at  the  depot  as 
aocoimtants,  mechanicians,  etc.,  and  in  various  other  capacities. 

The  Eurc^>ean  employ^  now  number  10  only,  many  having 
returned  home  on  the  expiration  of  their  engagements,  having  been 
released  by  the  Qovemment  in  the  belief  that  many  of  the  duties 
of  supervisian  and  instruction  can  now  be  performed  satisfactorily 
by  the  Japanese  staff. 

In  conclusion,  I  beg  to  present  a  few  photographs  taken  from 
negatives  of  my  own,  which  may  serve  in  some  way  to  indicate  the 
diaraoier  of  the  construction  works  carried  out  in  Japan. in 
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connection  with  the  riyers,  etc. ;  and  further,  to  submit  a  paper 
containing  some  statistical  information  furnished  by  the  Japanese 
electrician  relative  to  the  tests  of  wire  and  insulators,  particularly 
with  regard  to  the  results  obtained  from  copper  wire  of  native 
manu£Btcturei  insulated  with  lacqv^^  as  a  substitute  for  silk  or 
cotton,  and  which  promises  to  become  a  material  of  great  service. 

A  special  list  of  the  wires,  taken  on  the  1st  and  2nd  instant,  for 
insulation  in  fine  weatheri  with  the  object  of  ascertaining  the  exact 
resistance,  gave  as  the  total  rate  per  mile,  on  a  line  183  miles  in 
length,  the  high  record  of  314*9  megohms. 

ToKio,  Decmnb^r,  ISSa 

The  President  :  The  Society  will,  I  am  sure,  recognise  the 
great  interest  of  this  paper,  which  gives  us  another  proof  of  the 
energy  and  intelligence  of  the  Japanese  Qovemment  in  introducing 
beneficial  improvements  into  their  country. 

There  are  many  members  present  who  have  had  experience  in 
somewhat  analogous  work  in  countries  other  than  Japan,  and  the 
Society  will  be  glad  to  hear  any  remarks  they  may  have  to  ofiTer  on 
the  paper. 

Mr.  J.  A.  Betts  :  I  have  had  no  experience  with  telegraphs  in 
Japan ;  and  in  China,  where  I  was  toipedo  engineer  to  the  Govern- 
ment, there  is  not  at  present  a  very  extensive  telegraph  system.  I 
believe  that  the  first  telegraph  put  up  in  China  for  the  Chinese 
Qovemment  was  constructed  by  myself.  In  my  oflBcial  capacity  I 
had  to  instruct  some  native  students  in  working  the  Morse  instru- 
ment, and  found  them  apt  and  quick.  I  therefore  thought  it  best 
to  construct  a  short  line  of  6  miles,  and  while  that  was  being  done 
the  students  practised  on  instruments  in  short  circuit,  and  became 
proficient  for  proper  working  by  single-current  direct  Morse  when 
the  line  was  completed  in  May,  1876.  The  stores  for  the  line  were 
obtained  from  England,  but  the  construction  was  carried  out  under 
my  supervision,  without  foreign  assistance.  The  line  was  erected 
across  a  plain  which  in  the  ensuing  winter  became  flooded  with 
water.  Frost  and  storms  succeeded,  and  the  line  was  carried  away 
on  the  ice;  but  although  the  wires  were  much  stretched,  and 
touching  the  ice  (which  was  very  dry)  in  many  places,  working 
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was  not  actually  stopped.  The  poles  were  refixed  in  the  ice,  in 
which  holes  had  been  dug  with  ice-picks,  and  the  line  remained  all 
right  until  its  removal  to  another  route  in  the  spring.  Mr.  Morris 
has  referred  to  the  opposition  shown  by  the  natives  to  the  construc- 
tion of  telegraphs  in  Japan.  Such  was  not  my  experience  in 
China,  where  I  had  less  trouble  of  that  description  than  I  have  ex- 
perienced in  England.  In  some  cases  in  China  opposition  was  made 
through  fear  of  the  *'  evil  spirits  "  coming  into  their  houses.  The  line 
I  have  spoken  of  was  erected  for  military  purposes,  and  was  not 
intended  to  be  used  for  public  messages ;  in  fact,  the  Viceroy,  Li 
Hung  Chang,  objected,  on  the  ground  that  the  line  was  solely  for 
Government  purposes.  Afterwards  he  was  persuaded,  on  financial 
grounds,  to  relax  his  objection,  and  in  June,  1879,  the  line  was 
extended  from  Tientsin  to  Taku  Forts,  a  distance  of  40  miles,  and 
opened  for  traffic  at  the  rate  of  a  dollar  a  message  of  10  words. 
In  the  first  month  the  line  paid  more  than  its  working  cost.  A 
code-book  was  adopted  for  tlie  transmission  of  Chinese  messages. 
A  Frenchman  had  compiled  a  code-book  with  som^  5,000  or  6,000 
characters  of  the  Chinese  language,  and  put  a  number  against  each. 
By  sending  these  numbers,  and  at  the  receiving  end  obtaining  ex. 
planation  of  them  by  reference  tq  the  code-book,  the  transmission 
was  completed.  The  arrangement  answered  very  well,  and  con- 
tinues to  do  so,  as  I  have  lately  heard  from  Tientsin.  The  foreign 
use  of  this  telegraph  is  almost  exclusively  for  signalling  vessels 
riding  outside  the  Taku  bar  when  there  is  not  sufficient  water  to 
cross.  No  doubt  China  is  more  conservative  in  regard  to  tl\is  mat- 
ter than  Japan,  but  there  is  perhaps  one  of  the  finest  fields  for 
telegraphs  and  railways  in  China  that  have  ever  been  opened  out 
in  the  world,  and  it  is  just  about  to  be  opened.  The  Great 
Northern  Telegraph  Company  are  commencing  to  put  up  a  line 
from  Shanghai,  and  are  under  contract  to  put  up  about  4  miles 
a  day  for  a  line  of  some  700  miles,  going  straight  away  to  the 
capital  of  China.  The  Chinese  Minister  in  London  informed  me 
yesterday  that  it  was  under  the  serious  contemplation  of  his 
Government  to  open  up  railways  in  China  to  Pekin. 

The  Pbssidbnt  :  Mr.  Morris  has  sent  an  appendix  to  his  paper, 
giving  an  account  of  the  specimens  which  he  has  sent. 
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The  Skobbtasy  ihen  read  the  fallowing 

MEMORANDA  RELATIVE  TO  THE  SPECIMENS  SENT. 

Lacqtiered  Paper  Chamber. — This  chamber  has  been  invented 
by  H.  Okiy  manofoctttier  of  telegraph  instruments  in  Tokio.  It  is 
made  of  Japanese  lacquer  and  paper.  Every  sheet  of  paper  is 
cemented  with  specially  prepared  lacquer,  and  finally  linen  is 
covered  over  it,  and  lacquered  again.  This  chamber  is  strong, 
although  not  very  high  in  insulation,  and  will  stand  rough  treat- 
ment :  in  our  military  telegraphs,  flterefore,  all  the  battery  chambers 
are  of  this  kind. 

Lacquered  Copper  Wire. — This  process  of  covering  wire  has 
also  been  invented  by  H.  Oki,  whose  chief  object  is  to  get  a 
covered  wire  very  cheap  and  efficient.  Coils  in  his  instruments  are 
wound  with  it,  and  every  layer  of  wire  coated  with  paraffin  to 
insure  complete  insulation.  Instruments  so  made  have  been 
working  for  about  a  year.  The  enclosed  coils  are  samples  of  the 
wire.  It  is  common  commercial  copper  wire,  tested  before  covering : 
its  specific  conductivity  is  90*7  per  cent.,  and  insulation  between 
the  layers  of  the  wire  practically  perfect.  A  length  of  10  feet  was 
carefully  suspended  from  insulators,  and  its  resistance  ascertained 
to  be  2*67  ohms  at  62^  F.  The  coil  is  said  to  consist  of  111  feet, 
and  should  therefore  give  a  total  resistance  of  29*637  ohms:  it 
actually  gives  29*58  ohms,  showing  a  difference  of  "067  of  an  ohm 
merely,  which  is  doubtless  due  to  slight  variation  in  diameter. 
Larger  coil  not  tested. 

SUk^covered  Copper  Wire. — ^This  wire  was  first  made  by  S. 
Miyoshi,  a  mechanician  in  our  workshop.  Both  the  wire  and  dlk 
will  gradually  be  improved. 

Moree  Ink  and  Caaixmic  Paper. — ^These  two  substances  are 
made  by  T.  Taoka,  a  mechanician  in  the  workshop.  Both  are  now 
exclusively  used  in  the  offices  of  the  empire. 

Ineuiatore  (4).-^The6e  are  made  by  Filkagawa,  porcelain 
manufacturer  at  Arita,  in  Hizen,  near  Nagasaki.  Their  reastance 
is  marked  on  the  labels. 

PoroeUmi  Ohcmber  Ofnd  Porous  Pot  (cvreular). — ^Hiese  are 
also  manufactured  by  F&kagawa,  and  are  used  in  the  insulator 
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tefiting  battery.  The  other  oblong-shaped  porous  pot  is  in  general 
use,  together  with  the  porcelain  chamber,  made  at  Seto,  in  Owari, 
near  MSngoya, 

Morse  Paper. — ^This  is  made  by  Seishi^ha,  at  Oji,  near  Tokiyo, 
and  is  nowexclusively  used  in  the  offioes  of  the  empire. 

I  have  not  been  able  to  prepare  all  the  specimens  I  should  like 

to  send,  but  I  hope  to  forward  a  more  complete  collection  on 

another  occasion. 

M.  YOSHIDA. 

T6rfT6,  Deamber  28th,  1880. 

Mr.  Dbesing  said,  in  reply  to  the  President's  call :  I  have 
not  been  in  Japan^  and  cannot,  therefore,  give  you  any  information 
about  the  Japanese  telegraphs. 

The  Great  Northern  Company  have  got  the  submarine  cable 
communications  to  Japan,  and  have,  as  Mr.  Morris  has  pointed  out, 
assisted  the  Qovemment  in  laying  some  of  their  submarine  cables  : 
this  is,  as  far  as  I  am  aware,  the  .only  active  part  the  Qreat 
Northern  Company  have  taken  in  the  construction  of  the  Japanese 
Qovemment  telegraphs. 

Mr.  Josephs  :  I  am  not  acquainted  with  Japan,  but  in  India 
and  other  foreign  countries  I  have  always  met  with  difficulties  in 
the  way  of  carriage  and  provision  of  material,  similar  to  tUose 
described  by  the  gentleman  who  read  the  paper. 

Mr.  Josephs  being  invited  to  relate  his  experiences  when  carry- 
ing wires  in  Northern  India  for  the  Afghan  expedition,  said  he  was 
not  prepared  at  the  moment  to  do  so,  though  at  some  future  time 
he  hoped  it  would  be  possible  to  bring  the  matter  before  the 
Society  in  the  shape  of  a  paper. 

The  Pbbsidbnt  drew  the  attention  of  members  to  the  speci- 
men of  materials  used  in  Japan,  which  were  on  exhibition  in  the 
room. 

Mr.  W.  H.  Pbebcb  :  I  have  not  yet.  had  the  opportunity  of 
closely  examining  the  specimens  exhibited,  but  from  a  first  glance 
they  look  more  like  articles  that  come  from  Lambeth  or  Stoke- 
upon-Trent  than  from  Japan,  and  the  porous  and  earthenware 
pots  seems  to  be  of  better  stuff  than  we  usually  employ  in  Eng. 
land.  What  has  surprised  me  most,  and  looks  most  promising,  is 
the  lacquered  wire.    There  seems  to  be  something  to  be  gained  by 
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using  this  wire  in  making  electro-inagnets.    The  closer  the  layers 
of  wires,  and  the  greater  the  number  of  convolutions  round  a  bar 
of  iron  in  a  given  space,  the  greater  will  be  the  strength  obtained 
in  the  magnet ;  and  any  invention  which  will  remove  the  necessity 
for  the  use  of  silk  or  very  fine  cotton,  or  cotton  and  silk  mixed, 
without  increasing  the  space,  will  certainly  be  beneficial  to  tele- 
graphy generally.    I  have  been  much  interested  in  the  paper,  not 
because  I  have  ever  been  to  Japan,  but  because  I  look  upon  a 
paper  of  this  kind  as  one  of  those  very  things  for  which  this  Society 
was  speciaUy  constituted.    It  was  specially  constituted  to  bring 
together  in  one  central  point  (and  that  point  the  centre  of  the 
world  at  the  present  moment)  experiences,  ideas,  and  investiga- 
tions  from  all  parts  of  the  globe.    We  have  had  papers  from 
Africa,  Persia,  and  India ;  we  now  have  a  paper  from  Japan ;  and 
we  have  the  promise  of  a  paper  describing  telegraphic  operations 
in  the  north  of  India  in  connection  with  the  military  expedition  to 
A^hanistan.    That  part  of  Mr.  Morris's  paper  which  refers-  to  the 
wonderful  power  conferred  by  electricity  of  taking  steps  to  amelior- 
ate the  sufferings  caused  by  those  fearful  catastrophes  (which  seem 
part  and  parcel  of  one's  existence  in  Eastern  countries)  is  very 
striking.    In  India,  where  British  rule  has  been  extant  for  some 
100  years,  where  the  enterprise  and  power  of  the  empire  has  been 
devoted  to  the  extension  of  railway  and  telegraph  interests,  we 
have  not  succeeded  in  entirely  eradicating  famines ;  but  we  find  in 
Japan  that  one  of  the  greatest  blessings  that  the  great  power  elec 
tricity  has  given  us  has  been  showered  on  that  nation  by  reducing 
the  tendency  to  suffering  from  famine. 

The  cheapness  of  transmission  of  telegrams  in  Japan,  too,  is 
remarkable.  Where  else  in  the  universe  besides  Japan  is  it 
possible  to  send  a  message  20  miles  for  2:^d.?  The  presence  of 
spiders  (and  such  spiders)  referred  to  by  Mr.  Morris  must  be  very 
troublesome^  and  every  practical  telegraphist  present  will  feel  glad 
that  he  does  not  live  in  Japan  where  his  wires  would  be  coated 
with  such  masses  of  gossamer.  We  have  spiders  in  England,  but  they 
are  poor,  miserable,  weak  creatures  compared  with  those  in  Japan, 
which  get  their  web  across  the  wires  and  put  them  to  earth. 

The  ingenuity  of  the  Japanese  in  making  the  various  articles 
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exhibited  deserres  notice.  They  have  not  only  produced  by  native 
manufacturey  insulators,  porous  cells,  and  ink  bottles,  but  they  have 
devoted  their  skill  to  making  telephones.  Now,  with  a  country 
devoid  of  patent  laws,  and  with  people  possessing  the  ability  of 
imitating,  even  to  the  trade  'mark,  apparatus  of  different  kinds,  I 
would  ask  how  is  it  possible  for  companies  thrown  upon  our 
commercial  market,  with  enormous  purchase-money  for  patent 
rights  and  promoters'  fees,  to  make  a  business  in  a  country  like 
Japan,  where  telephones  can  be  constructed  cheaper  than  in 
England,  and  perhaps  as  good,  if  not  better  ? 

I  have  pleasure  in  proposing  that  the  best  thanks  of  the  Society 
be  given  to  Mr.  Morris  for  his  paper,  which  must  have  cost  him 
much  time  and  trouble. 

The  Pbesident  :  In  putting  the  vote  of  thanks  to  the  meeting, 
I  would  ask  Mr.  Preece  to  allow  me  to  include  the  name  of 
M.  Toshida,  the  Japanese  electrician,  who  has  sent  a  description 
of  the  specimens  exhibited. 

A  hearty  vote  of  thanks  was  accorded  to  Mr.  Morris  for  his 
paper,  and  also  to  Mr.  Toshida  for  his  description  of  specimens. 

The  meeting  then  adjourned  until  Thursday,  April  14th,  1881. 
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The  Ninety-nizith  Ordinary  Qeneral  Meeting  of  the  Society  was 
held  on  Thursday  evening^  April  14th,  1881,  at  the  In^tute 
of  Civil  Engineers,  25,  Oreat  George  Street,  Westminster — 
Professor  G.  0.  Fostbe,  F.R.S.,  President,  in  Oie  diair. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  were  announced. 

The  President  then  called  upon  Mr.  St.  George  Lane  Fox  for 
his  paper,  which  was  practically  illustrated  by  the  hall  being  lighted 
by  Mr.  Fox  Pitt's  incandescent  electric  lamps. 

ON  THE  APPLICATION  OF  ELECTiaCITT  TO  LIGHT- 
ING  AND  HEATING,  AND  FOR  DOMESTIC  AND 
OTHER  PURPOSES. 

By  St.  Gbobgb  Lane  Fox  Pitt,  Member. 

The  subject  which  I  am  about  to  enter  upon  this  evening  has 
been  the  cause  of  considerable  difference  of  opinion  among  prac- 
tical minds,  and,  I  am  sorry  to  say,  also  of  considerable  antagonism. 
Be  that  sa  it  may,  however,  I  think  I  am  justified  in  saying  tliat  it 
may  now  be  regarded  as  a  certainty  that  electricity  will  be  exten- 
sively used  in  the  immediate  future  for  general  domestic  purposes, 
especially  those  of  lighting  and  heating.  Having  this  fact  in  view, 
I  think  it  would  be  highly  desirable  that  electricity  should  be 
divested,  as  far  as  possible,  of  its  mysteries,  and  the  subject  put 
before  the  public  in  as  simple  a  form  as  possible. 

For  the  last  few  years  I  have  been  experimenting  on  the  moie 
simple  applications  of  electricity,  and  in  my  own  mind  I  fonned  a 
conception  of  electricity  whi(^^  have  found  to  be  of  great  service 
to  me.  It  may  not  perhaps  be  out  of  place  if  I  attempt  to  expUdn 
these  ideas  briefly.  I  may  mention  that  possibly  this  theory  is  not 
by  any  means  new,  but,  inasmuch  as  I  have  not  seen  it  stated  else- 
where, I  assume  that  it  is  not,  at  all  events,  generally  accepted. 

Electricity  itself  I  have  conceived  to  be  a  subtle  fluid  of  indefi. 
nite  elasticity — that  is  to  say,  I  conceive  it  as  an  extraordinarily 
attenuated  form  of  matter,  capable  of  diffusing  and  expanding  itself 
in  certain  bodies  to  an  indefinite  extent-^a  fluid  capable  of  being 
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compressed  by  the  application  of  force,  and  again  capable  of  ex. 
panding  when  the  force  is  removed.  This  electrical  force  has  been 
called  yariously  "  tension,"  ** electro-motive  force,*'  "density,"  and 
**  potential ;  "  but  I  prefer,  in  order  to  simplify  the  matter,  to  use 
the  expression  ''electric  pressure."  This  flaid,  when  dealt  with  in 
practice,  I  always  regard  as  existing  under  a  certain  amount  of 
pressure,  and  as  exercising  an  amount  of  pressure,  in  every  direc- 
tioD,  in  the  bodies  which  hold  it. 

But,  although  it  is  necessary  to  deal  to  some  extent  with  the 
properties  of  electricity,  in  order  to  arrive  at  certain  practical  re- 
sults, I  prefer  to  deal  with  it  generally  as  an  important  medium 
for  the  transmission  of  force  or  power.  Tou  are  of  course  aware 
that  an  electric  current  does  not  necessarily  mean  an  expenditure 
of  energy.  It  is  the  force  required  to  tn^mf^im  (he  current  through 
a  resistance  which  represents  the  expenditure  of  energy ;  thus,  to 
maintain  a  current,  however  great,  through  a  conductor  having  no 
resistance,  requires  no  energy  whatever.  I  say  all  this  because  I 
am  desirous  to  put  the  whole  subject  on  a  basis  as  clear  as  possible, 
and  to  show,  if  I  am  able,  that  theories  founded  on  a  vague  con. 
ccption  of  electricity  cannot,  for  practical  results,  always  be  relied 
upon,  but  may  indeed  be  exceedingly  misleading.  But,  whatever 
theory  may  be  formed  of  the  actual  nature  of  electricity,  one  thing 
is  certain — ^that  it  is  a  medium  for  the  transmission  of  force  or 
power,  and  it  is  as  such  that  I  propose  to  deal  with  it  this  evening. 

I  take  it,  as  one  of  my  first  articles  of  faith,  that  the  conserva. 
tion  of  energy  is  at  all  times  a  correct  and  reliable  law,  and  that 
force,  like  matter,  is  indestructible;  and  when  that  force  is  converted 
from  one  form  into  another  there  ^i  be  no  real  loss  in  the  trans- 
formation. I  have  heard  it  stated  more  than  once  that  when  one 
deals  with  large  currents,  or  when  we  increase 'currents  transmitted 
from  a  certain  point,  tiiere  is  an  enormous  loss  contingent  upon 
such  increase.  In  what  this  loss  consists  of  has  never  been  clearly 
stated ;  but  I  presume  that  it  has  reference  to  a  confiscation,  as  it 
were,  of  energy  resulting  from  the  increased  demand.  Upon  this 
there  ought  not  to  be  two  opinions ;  and  I  think  I  shall  be  able  to 
show  that,  however  great  may  be  the  supply  of  ooergy  fitmi  a 
single  point,  with  proper  appliances  and  means  of  conveyance, 
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there  is  no  limit  to  the  extension,  without  loss  in  the  transmission. 
I  have  said  that  we  are  to  deal  with  energy  itself,  rather  than  with 
electricity,  and  to  look  upon  electricity  as  a  mere  medium  for  its 
transmission  and  distribution.  But,  before  going  further  into  the 
question  of  energy  and  its  sources,  I  propose  to  deal  briefly  with 
the  methods  by  which  electricity  can  be  conveniently  and  economic 
cally  used  for  the  production  of  light,  in  a  form  suitable  for 
domestic  purposes. 

I  have  here  before  me  an  electric  lamp.  Diagram  I.  repre- 
sents  a  sectional  view  of  this  lamp.  The  light  results  from  the 
incandescence  of  a  continuous  conductor  made  of  a  filament  of  car. 
bon.  This  conductor  is  of  high  electrical  resistance,  so  that  a  com- 
paratively  small  amount  of  electricity  driven  through  it  develops 
sufficient  heat  to  produce  incandescence.  The  filament  is,  as  you 
see,  enclosed  in  a  glass  globe  from  which  all  deleterious  atmos. 
phere  has  been  as  completely  removed  as  possible.  In  the  con. 
struction  of  this  lamp  many  minor  points  of  detail  have  given  rise 
to  considerable  difficulty  and  great  delay  in  bringing  it  to  per. 
fection.  The  idea  of  electric  lighting  by  incandescence  of  a 
continuous  conductor  is,  as  you  well  know,  by  no  means  new,  but 
certain  requsites  for  an  efficient  lamp  had  severally  to  be  dealt 
with  before  it  could  be  called  practical.  I  refer  to  a  lamp  of 
small  power,  working  at  the  same  time  economically.  The  first 
of  these  requisites  is  a  suitable  material  out  of  which  to  form  the 
incandescent  conductor.  It  must  have  a  high  specific  resistance, 
and  expose  but  a  small  surface  for  radiation ;  next,  it  must  be 
capable  of  enduring  a  high  state  of  incandescence  for  an  indefinite 
length  of  time  without  deterioration;  next,  the  lamp  must  be 
easily  constructed,  and  at  a  small  cost.  All  these  conditions  are,  I 
think,  fulfilled  in  the  lamp  before  you. 

People  are  often  surprised  at  the  comparatively  slow  progreas 
made  in  this  branch  of  electric  lighting,  evexything  seems  so 
simple ;  but  it  must  be  borne  in  mind  that  most  things  in  connec- 
tion with  the  subject  are  so  exceedingly  new,  that  it  opens  up,  as  it 
were,  an  entirely  new  industiy ;  and  it  is  not  at  all  easy  in  a  short 
space  of  time  to  get  together  a  sufficient  amount  of  intelligent 
labour  for  any  very  rapid  progress.    However,  I  may  safely  say 
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we  have  now  made  a  fair  start,  and  that,  with  a  proper  expend!- 
tiire  of  energy  on  the  part  of  those  who  are  working  at  the  subject, 
electric  lighting  for  domestic  purposes  will,  before  long,  not  only 
be  proved  to  be  practicable,  but  also  an  accomplished  fact. 

In  the  diagram  of  the  lamp,  the  curved  line  (A)  represents 
the  luminous  conductor,  or,  as  I  sometimes  term  it,  the  luminous 
bridge.  I  have  tried  very  many  different  materials  for  the 
purpose,  all  with  more  or  less  success.  Any  form  of  carbon,  I  find, 
will  continue  in  a  high  state  of  incandescence  without  deteriora- 
tion,  proyided  that  it  is  properly  mounted  and  enclosed  in  a  good 
vacuum.  There  is  a  certain  temperature,  however,  above  which 
the  carbon  bridge  is  rapidly  destroyed.  This  temperature,  which 
may  be  called  the  safe  point  of  the  lamp,  is  about  4,000^  Fah.  I 
have  found  that  the  most  conveniently  practical  method  of 
preparing  a  suitable  carbon  filament  is  by  baking  a  good  cotton 
thread  or  string  in  a  hermetically  sealed  vessel,  at  a  white  heat. 
Conductors  may  be  made  in  this  maimer  with  a  resistance  of 
several  thousand  ohms  for  only  a  few  inches  length. 

In  order  to  reduce  this  resistance,  and  to  produce  a  harder  and 
more  durable  carbon,  I  have  adopted  a  plan  first  suggested,  I 
think,  by  Mr.  Sawyer,  of  New  York,  about  three  years  ago,  of 
heating  the  conductor  to  incandescence  while  immersed  in  a  hydro- 
carbon liquid  or  gas ;  but,  as  I  have  said,  this  process  is  not  by  any 
means  essential.  Referfing  again  to  the  diagram,  LL  are  carbon 
cylinders  into  which  the  ends  of  the  carbon  filament  are  securee. 
A  small  hole  is  drilled  right  through  these  cylinders,  and  into  th^se 
holes  the  ends  of  the  carbon  thread  fit  tightly.  I  have  found 
that  a  very  good  cement  for  fixing  these  carbons  may  be  made 
out  of  plumbago  and  Indian  ink.  The  platinum  wires  (BB),  which 
are  about  }  in.  long  and  the  riir  of  an  inch  in  diameter,  are  fused 
into  the  glass  tubes  (CC),  out  of  which  they  project  into  the  globe 
about  ^  of  an  inch.  The  carbon  cylinders  (U)  are  secured  to 
these  projecting  ends  in  the  same  way  as  to  the  carbon  filament. 
The  other  ends  of  the  platinum  wires  are  surrounded  with  mercury 
at  CC,  into  which  dip  also  the  copper  conductors  (££).  The 
npper  part  of  the  lamp  is  entirely  enclosed  from  the  outer  air  by 
the  glass  blower. 
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The  lamp  is  exhausted  through  a  tube  sealed  off  at  F.  Dia- 
grams II.  and  III.  represent  the  exhausting  apparatus.  The  appa. 
ratus  shown  in  Diagram  II.  is  intended  to  work  with  sulphniic 
acid ;  III.,  mercury  and  sulphuric  add.  It  will  not  be  neceasaiy 
to  go  fully  into  the  action  of  the  pump :  suffice  it  to  say,  that  the 
liquid  is  forced  up  and  down  in  the  bulb  (c)  ;  the  rod  (E),  actiDg 
as  a  valve,  opens  and  closes  the  neck  of  the  bulb  when  required. 

The  following  is  a  table  showing  tlie  resistance  of  the  curboQ 
filament  for  a  lamp  of  15  candle-power  for  different  degrees  of 
electro-motive  force.  Each  lamp  of  15  candle-power  absorbs  about 
•^  of  a  horse-power,  and  exposes  on  its  "bridge*'  about  the  lOth 
of  a  square  inch  of  luminous  surface.  I  should  motion  that  the 
resistance  of  a  carbon  filament  is  about  45  per  cent,  less  while  in  a 
state  of  incandescence  than  when  cold. 
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I  will  now  deal  somewhat  in  detail  with  the  method  by  which 
I  propose  to  distribute  power,  by  means  of  electricity,  from  central 
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works,  in  the  same  way  and  very  much  for  the  same  purpose  that 
gas  is  distributed  from  gasworks  over  a  large  area.  *  Diagram  IV. 
represents  the  arrangements  for  distribution.  C  is  a  central  station 
at  which  the  electric  current  is  generated.  M  is  an  electric  main, 
branching  in  every  direction,  and  wherever  light  is  required.  L 
a*  3  lamps  in  various  places :  one  pole  of  these  lamps  is  always  in 
connecticm  with  the  earth  (£).  W  is  a  switch  by  which  the  elec- 
tricity can  be  turned  on  from  the  main.  This  system  of  distribu- 
tion  will  recommend  itself  to  you,  I  think,  as  being  simple  and 
jianageable.  Assnming  that  the  proper  supply  is  always  at  hand, 
the  light  will  always  be  produced  by  the  mere  turning  of  the 
handle  of  the  switch  or  tap  connecting  the  lamp  with  the  main. 
These  lamps  being  arranged  in  multiple  arc  between  the  main 
conductors  and  the  earth,  every  lamp  is  completely  independent 
of  the  rest ;  and,  provided  that  the  electric  pressure  is  always  con- 
stant, the  resistance  of  the  lamps  being  also  constant,  you  may  be 
sure  of  always  having  an  equal  amount  of  light  when  they  are 
tamed  on,  however  variable  may  be  the  number  at  work  in  a  given 
time. 

The  manner  in  which  I  keep  the  electro-motivie  force  of  the 
mains  constant  is  as  follows : — An  electro-magnetic  apparatus, 
which  may  be  called  an  electro-dynamometer,  and  represented  in 
Diagram  Y.,  is  connected  with  the  main,  so  that  its  electro-magnet 
(H)  IB  constantly  energised  by  a  current  flowing  through  it  to  the 
earth.  This  electro-magnet  has  a  very  high  resistance,  so  that  the 
current  through  it  is  very  small.  Now,  the  attraction  of  the 
armature  (A)  will  evidently  vary  with  any  variation  of  the 
electro-motive  force  of  tlie  mains,  however  slight  it  may  be.  L  is 
a  lever,  pivoted  at  C,  and  in  connection  with  the  mains,  h  and  k 
are  contact  pegs,  communicating  by  meana  of  the  wires  A'  k'  with 
the  electro-magnets  H  and  E  in  Diagram  YI.  or  YII.  The 
tension  spring  (T)  exactly  balances  the  attraction  of  the  magnet 
on  the  armature  (A)  at  the  normal  electro-motive  of  the  mains. 
It  is  obvious  that  the  slightest  increase  or  diminution  of  the 
electro-motive  force  will  bring  the  lever  (L)  in  contact  with  one 
or  other  of  the  pegs  (A,  k)y  and  so  put  into  action  one  or  other 
of  the  electro-magnets  (H  or  E)  (in  Diagram  YI.  or  YII.) 
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Diagram  YI.  represents  an  apparatus  which  will  actuate  a 
regulator  or  rheostat,  which  requires  hut  little  power  to  moye  it ; 
whereas  the  machine  shown  in  Diagram  YI!.,  which  comprises  an 
oscillating  armature  and  ratchet-wheel,  will  afford  power  enough 
to  operate  a  large  throttle-valve  or  the  expansion  gear  of  an 
engine,  or,  in  &cty  any  suitable  regulator  of  the  motive  power. 
Should,  therefore,  the  electro-motive  force  fall  from  an  increased 
number  of  lamps  being  put  into  operation,  the  magnet  (H)  will  be 
put  into  action,  Lndan  increased  supply  of  steam  will  be  allowed  to 
pass  through  the  throttle- valve  of  the  engine,  or  will  otherwise 
affect  the  electric  generators,  so  as  to  increase  their  action.  The 
reverse  action  takes  place  when  the  electro-motive  force  rises, 
owing  to  a  number  of  lamps  being  turned  off.  By  this  means  the 
power  generated  at  the  central  station  is  made  commensurate  with 
the  draught  on  the  mains. 

As  to  the  size  of  the  conductors  required  for  any  number  of 
lamps,  it  should  of  course  depend  both  on  the  number  of  lights 
they  are  intended  to  supply  and  on  the  distance  from  whidi  the 
electricity  is  to  be  conveyed :  there  is  of  course  another  considera- 
tion— ^that  is,  the  resistance  of  the  lamps  themselves  and  the  conse- 
quent electro-motive  force  required  to  work  them.  Now,  taking 
the  resistance  of  each  individual  lamp  of,  say,  15  candle-power  to 
be  250  ohms,  it  would  be  possible  to  work  half-a-dozen  lamps  in 
multiple  arc,  supplied  by  a  wire  of  No.  16  gauge,  leading  from  a 
station  ^  mile  off,  without  losing  in  transmission  more  than  iV  V^ 
of  the  total  energy  conveyed — ^that  is  to  say,  that  the  conduc- 
tivity of  the  supply  main  would  in  this  case  be  ten  times  greats 
than  the  conductivity  of  all  the  six  lamps  put  together.  A  con- 
ductor of  twice  the  sectional  area  would  of  course  supply  twice  the 
number  of  lamps  with  the  same  proportional  loss  in  conveyance. 

Speaking  generally,  it  may  be  said  that  if  the  resistance  of  the 
conductors  or  conducting  mains,  taken  as  a  whole,  be  much  leas 
than  the  resistance  of  all  the  lamps  taken  as  a  whole,  the  loss  of 
energy  in  transmission  would  be  small  in  proportion. 

It  is  quite  feasible  to  construct  lamps  having  twice  this  resist, 
ance,  namely,  500  ohms  each,  or  even  more.  Another  point  to  be 
taken  into  consideration  is  this — that  electricity  could  be  con- 
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Tejed  from  a  very  great  distance  at  an  enormouR  electro-motive 

force,  which  electro-motive  force  could  be  reduced  to  any  extent 

y     dans  of  a  system  of  condensers  or  of  secondary  batteries,  and  a 

^ble  arrangement  of  commutators  working  automatically  so  as 
0  suit  the  requirements  for  distribution. 

It  has  often  been  argued  that  electricity  cannot  be  stored  like 
;as ;  but  it  should  be  remembered  that  electricity  is  not  a  fuel  like 
{as,  and  that  energy  can  be  stored  potentially  in  many  practical 
ways,  and  that  potential  energy  can  be  readily  converted  at  any 
ime  into  a  kemetic  form. 

The  question  of  economy  of  electric  lighting  is  one  about 

*h  there  is  more  dispute  and  difference  of  opinion  than  on  any 

.r  point.  In  dealing  with  this  question,  I  prefer  to  look  to 
e  future,  and  to  deal  rather  with  what  is  possible  and  probable 
t.ian  with  what  has  actually  been  done ;  for  I  hold  that,  unless  we 
discuss  a  question  on  its  future  bearings,  and  put  together  hcta 
arrived  at  from  practical  experience,  with  a  view  of  asoertaining 
foture  results,  there  would  indeed  be  no  progress  at  all.  I  look, 
then,  to  the  possibility  of  electricity  works,  so  to  speak,  on  a  very 
large  scale— on  a  scale  comparable  to  that  of  gas-works  of  the 
present  day,  and  I  conceive  an  immense  number  of  electric  lamps 
operated  from  one  point  or  station. 

If  once  this  point  is  conceded,  I  think  that  it  can  be  clearly 
shown  that  electric  lighting  will  compare  in  point  of  economy 
very  favourably  with  any  existing  mode  of  producing  artificial 
light 

With  such  a  lamp  and  system  as  I  have  described,  it  is 
evident  that  the  chief  cost  would  be  in  the  source  of  power. 
Now  it  is  well  known  that,  by  the  best  steam-engines  of  the 
present  day,  power  can  be  generated  on  a  large  scale  by  the 
consumption  of  1^  lb.  of  coal  an  hour  for  every  horse-power 
generated.  From  this  basis  I  have  calculated  that  power  would 
not  cost  60  much  as  ^d.  (one  farthing)  an  hour  per  horse-power, 
and  diat,  therefore,  even  for  heating  purposes,  electricity  would 
compare  favourably  with  gas.  It  would  obviously  be  impossible 
»s,A  me  to  fully  discuss  the  whole  question  of  economy  at  the 
present  time,  but  I  hope  I  have  succeeded  in  showing  that  there  is 
at  any  rate  a  fair  basis  to  work^upon. 
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The  Pbesidsnt  :  Before  discussing  Mr.  Fox  Pitt's  interestiDg 
oommimicationy  I  will  ask  Professor  Ayrton  to  give  us  two  com- 
munications by  Mr.  Perry  and  himself,  and  which  are  intimately 
connected  with  the  subject  of  electric  lighting. 

A  PORTABLE  ABSOLUTE  GALVANOMETER  FOR 
STRONG  CURRENTS, 

AJSfD 

A  TRANSMISSION  DYNAMOMETER. 
By  Profs.  W.  E.  Aybton  and  John  Pebbt,  Members. 

The  object  of  the  present  communication  is  to  bring  before  yon 
a  small  dead-beat  galvanometer  which  we  have  designed,  and 
which  Messrs.  Paterson,  of  Little  Britain,  have  been  good  enough 
to  construct  for  us.  This  little  portable  instrument  can  be  used 
for  measuring  the  strongest  electric  light  current  directly  in  webers, 
without  calculation  or  reference  to  any  table>  and  the  accuracy 
of  its  readings  can  at  any  moment  be  checked  by  the  employment 
of  only  one  single  Danieirs  cell. 

In  order  that  you  may  realise  the  advantages  we  believe  this 
instrument  to  possess  over  other  galvanometers  previously  employed 
for  measuring  very  strong  currents,  it  will  be  necessary  to  say  a 
word  or  two  about  its  antecedents. 

A  galvanometer,  to  be  something  more  than  a  mere  galvanoscope, 
must,  of  course,  be  calibrated — that  is,  the  relative  strengths  of  the 
current,  producing  different  deflections  must  be  ascertained.  In 
certain  cases,  as,  for  example,  with  the  tangent  and  sine  galvano- 
meter, this  relative  calibration  can  be  effected  by  mathematical 
calculation ;  usually,  however,  it  must  be  done  by  experiment. 
One  well-known  method  consists  in  sending  a  current  simultaneously 
through  a  standard  galvanometer  and  the  galvanometer  to  be 
calibrated,  and  varying  the  current  in  any  convenient  way.  A 
number  of  simultaneous  readings  of  the  two  galvanometers  being 
taken,  a  curve  is  constructed,  having  for  abscisssB  the  observed 
deflections  on  the  galvanometer  under  test,  and  for  ordinates 
the  relative  values  of  the  currents,  and  from  which  the  relative 
streAgths  of  the  currents  producing  any  two  deflections  may  be  seen 
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at  once.  When^  however,  a  standard  galyanometer  is  unattainable, 
a  current  may  be  sent  through  the  galvanometer  to  be  calibrated, 
various  known  resistances  being  simultaneously  put  into  circuit ; 
thei^  as  the  current  ia  inversely  proportional  to  the  resistance,  the 
relative  strengths  of  the  currents  corresponding  with  any  two 
deflections  may  be  easily  calculated.  A  third  method  consists  in 
always  bringing  the  needle  or  movable  part  of  the  apparatus  back 
to  the  zero  position,  by  the  introduction  of  a  variable  measurable 
force,  in  which  case,  whatever  be  the  shape  or  size  of  the  apparatus, 
the  strength  of  the  current  can  always  be  determined  from  the 
return  force  employed 

But  for  a  galvanometer  to  be  employed  for  the  practical 
measurements  of  electric  light  currents,  we  must  know  not  only  the 
relative  strengths  of  the  currents  producing  any  two  deflections,  but 
also  the  absolute  value  in  webers  of  one  of  them :  we  must  not 
only  have  the  galvanometer  relatively  calibrated,  but  also  absolutely 
calibrated.  If  our  galvanometer  be  a  tangent  one,  the  absolute 
value  of  a  current  can,  as  is  well  known,  be  ascertained  from  the 
number  of  turns  of  wire  in  the  coil,  and  its  linear  dimensions, 
provided  also  that  we  know  the  absolute  strength  of  the  horizontal 
magnetic  field  in  which  the  needle  moves.  Now,  although  the 
strength  of  the  earth's  magnetic  field  in  London  is  known  with 
great  accuracy,  the  actual  field  in  a  workshop  is  so  modified  by  the 
iron  machinery  in  the  neighbourhood  that  we  cannot,  from  the 
published  tables  of  magnetic  force,  even  approximate  to  the  strength 
of  the  magnetic  field  in  which  our  experiments  are  made. 

The  method,  therefore,  usually  followed  is  to  observe  the  de- 
flection produced  on  the  galvanometer  when  an  electro-motive  force 
oi  known  strength  in  volts  sends  a  current  through  a  known  resist- 
ance— that  is^  observe  the  deflection  produced  by  a  current  of  a 
known  number  of  webers.  When  the  magnetic  field  of  the 
instrument  is  much  afifected  by  its  position  relatively  to  the  iron 
in  the  neighbourhood,  such  a  determination  of  the  absolute  value 
of  a  particular  deflection  must  be  made  just  before  or  just  after  an 
unknown  current  is  measured. 

When  weak  currents  have  to  be  measured,  this  is  simple 
eooQgh ;  but  when  it;ia  li^ge,  eloctrialic^t  curreuts  ibat  wo  have 
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to  deal  with,  it  is  much  more  difficult,  since  if  we  attempt  to  produce 
with  batteries  and  resistance  coils  currents  having  accurately  a 
strength  of  even  50  webers,  we  run  great  risk  of  heating  the  resist- 
ance  coils,  and  so  making  our  current  much  le8s  than  we  intend  it 
to  be ;  and  it  has  been,  I  understand,  this  difficulty  of  constructii^ 
and  using  special  resistance  coils  of  very  thick  German  silver  wire, 
etc.,  that  has  delayed  Messrs.  Br^uet  in  the  calibration  and  issue 
of  the  very  convenient  Deprez  galvanometer  that  they  have  made. 

If  the  galvanometer  coil  be  large,  then,  whatever  its  shape,  this 
difficulty  is  sometimes  overcome  thus : — ^Make  a  coil  of  fine  wire 
to  occupy,  as  nearly  as  possible,  the  same  position  as  a  single 
convolution  of  tliick  wire,  and  send  a  weak  current  of  known 
strength  through  the  fine  wire  coil.  Suppose  that  a  current  of  one 
weber  circulating  30  times  round  the  fine  coils  produces  a  de- 
flection  of  20,  then  we  know  that  an  electric  light  current  of  30 
webers  circulating  once  round  the  thick  coil  will  produce  the  same 
deflection :  hence,  with  only  the  employment  of  weak  currents,  the 
instrument  may  be  absolutely  calibrated. 

But  such  a  form  of  instrument  has  two  objections :  the  one  that 
its  large  size  makes  it  unportable,  the  other  that  it  is  not  dead 
beat — ^that  is,  if  there  be  a  sudden  change  in  the  current,  the 
needle  is  set  swinging,  and  measurements  of  changing  currents 
cannot  be  made.  For  the  needle  to  be  dead  beat,  its  moment  of 
inertia  must  be  very  small,  and  the  inagnetic  field  restraining  its 
motion  must  be  large.*  But  if  a  strong  controlling  magnet  be 
attached  to  the  apparatus,  the  coils  must  be  made  much  smaller, 
or  it  will  be  very  unsensitive.  When,  however,  the  dimensions  of 
the  instrument  are  small,  we  cannot  even  approximately  make  the 
fine  wire  coil  through  which  the  weak  current  passes  occupy  the 
same  position  relatively  to  the  needle  as  is  occupied  by  the  thick 
wire  coil  through  which  flows  the  electric  light  current:  hence 
the  method  of  constructing  the  galvanometer  with  a  thick  and 
a  thin  wire  ceil  cannot  be  employed  for  the  object  of  absolute 
calibration. 

Under  these  circumstances,  a  device  that  has  been  adopted  is  to 
add  to  a  galvanometer  with  many  convolutions,  through  which 

•  This  principle  hms  been  applied  fbr  some  years  with  great  success  by  Sir  William  Thomaos 
in  his  **  Speaking  Galyanometer  *'  fbr  submarine  cables. 
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alone  the  weak  calibration  carrent  passes,  a  shunt  of  small 
and  known  resistance  through  which  flows  the  greater  part  of  the 
strong  current ;  but  there  is  great  danger  of  the  resistance  of  the 
shunt  being  considerably  increased  by  the  heating  produced  by 
the  strong  electric  light  current,  and  an  error  consequently 
made  in  the  measurement,  so  that  this  simple  method  cannot  be 
recommended. 

When  a  strong  controlling  magnet  is  attached  rigidly  to  the 
apparatus,  or  when  it  is  a  spring  that  opposes  the  motion  of  the 
movable  part  of  the  apparatus,  this  absolute  calibration  need 
only  be  occasionally  repeated  to  detect  any  change  in  the  per. 
manent  magnet  or  in  the  elasticity  of  the  spring.  But  such 
checks  must  not  be  neglected  altogether,  since  it  is  well  known 
that  permanent  magnets  lose  their  magnetism,  and  that  both 
magnets  and  springs  are  affected  by  changes  of  temperature. 

And  zero  instruments,  like  the  neat  electro-dynamometer  of 
Messrs.  Siemens,  although  yeiy  convenient,  have  the  objection 
possessed  by  a  sine  galvanometer  of  being  unable  to  measure  the 
strength  of  sudden  waves  in  the  current ;  also,  they  cannot  be  made 
dead  beat  on  account  of  the  comparatively  large  moment  of  inertia 
of  the  suspended  coil.  Now  the  recent  experiments  of  the  effect  of 
whistling,  singing,  or  the  more  unpleasant  hissing  of  the  electric 
arc,  show  the  importance  of  an  electric  light  current  galvanometer 
being  able  to  measure  sudden  short  variations  in  the  strength  of 
the  current. 

We  want,  then,  a  small  dead-beat  galvanometer  to  use  with 
strong  currents,  but  which  may  be  calibrated  absolutely  with  a 
single  DanielPs  cell.  As  we  did  not  know  of  the  existence  of  such 
an  instrument,  we  have  designed  for  the  students  in  the  Course  of 
Electric  Lighting  at  the  City  and  Guilds  Laboratory,  Finsbury, 
two  instruments  of  this  class  on  distinct  principles,  one  only  of 
which  we  shall  bring  before  your  notice  this  evening. 

The  small  instrument  before  you,  and  shown  half  of  full  size 
in  the  accompanying  woodcut,  is  very  dead  beat,  this  result 
being  attained  partly  by  the  lightness  of  the  needle  and  pointer, 
and  partly  from  its  moving  in  a  very  strong  permanent  magnetic 
field.  The  needle  is  balanced,  and  consequently  the  deflections 
are  about  the  same  for  any  position  of  the  instrument.     By  a 
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proper  arrangement  of  the  coils,  we  haye  succeeded  in  making  the 
deflections  directly  proportional  to  the  current,  and  in  the  instru- 
ment on  the  taUe  one  degree  deflection  is  produced  by  a  current 
of  two  webers,  the  greatest  deflection,  45%  being  produced  therefore 


by  a  current  of  90  webers.  The  main  peculiarity  of  the  instru- 
ment, however,  is  the  following  : — The  thick  wire  coiled  round  the 
needle,  and  through  which  the  electric  light  current  circulates,  is 
in  reality  a  strand  or  little  cable  composed  of  ten  insulated  wires. 
Each  of  these  wires  having  the  same  resistance,  equal  portions  of 
the  strong  current  flow  through  each  of  them.  To  produce  a 
deflection  even  of  5®  requires,  as  we  have  stated,  a  current  of  10 
webers,  but  by  means  of  this  simple  commutator  these  10  wires, 
which  have  hitherto  been  joined  in  multiple  arc,  can,  by  a  mere 
turn  of  the  hand,  be  connected  in  series,  and  now  a  current  of 
exactly  one -tenth  part,  or  one  weber,  will  produce  5°  deflection. 
To  ascertain,  then,  the  real  value  of  any  deflection,  all  we  have 
to  do  is  as  follows : — Turn  the  commutator  to  series,  and  send  a 
current  from  a  single  cell — a  Daniell  or  a  Grove — of  which  the 
electro-motive  force,  E,  but  not  necessarily  the  resistance,  is  known. 
A  certain  deflection  a^  is  produced.  Now  take  out  the  plug  of 
the  one-ohm  resistance  coil  attached  to  the  instrument,  and  a 
deflection  IP  is  obtained.  Then  the  resistance  of  the  instrument, 
the  wires,  and  the  cell  is 
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or  the. deflection  a^  in  the  instrument  is  produced  by 


hO 


webers 


when  the  wires  are  joined  in  series,  or  by 

-^o X  10  webers 

when  in  parallel  circuit. 

Eaximple. — ^Witb  a  Grove's  cell  you  see  that  a  deflection  of 
7^*4  is  obtained  on  the  instrument  before  you  when  the  coils  are 
in  series,  and  4^*1  when  the  one-ohm  resistance  is  inserted. 
The  resistance,  then,  of  the  coils,  the  connecting  wires,  and  the 

galvanometer ~5 jn  =  1*24  ohms;  or  as  the  electro-motive  force 

1*8 
of  a  Grove's  cell  is  1*8  volts,  a  current  of  j;^!,  or  1*45  webers, 

produces  a  deflection  of  7^*4,  or  one  weber  will  produce  about  5^ 
with  the  coUs  in  series,  and  therefore  \^  with  the  coils  in  multiple 
arc.  Consequently,  currents  from  0  to  9  webers  can  be  measured 
when  the  coils  are  in  series,  and  from  0  to  90  webers  when  in 
multiple  arc,  without  any  calculation  or  reference  to  tables,  since 
the  coils  have  such  a  form  that  the  current  is  proportional  to  the 
angular  deflection. 

While,  then,  with  the  ordinary  instruments  employed  for 
measuring  strong  currents,  the  absolute  value  of  any  deflection  can 
only  be  checked  by  employing  a  current  of  known  strength,  and  as 
strong  as  the  one  the  intrsument  is  employed  to  measure,  with 
the  instrument  before  you  the  strong  current  necessary  to  produce 
any  given  deflection  when  the  coils  are  in  multiple  arc  is  exactly 
ten  times  as  strong  as  the  comparatively  weak  and  easily  producible 
current  of  known  strength  which  produces  the  same  deflection  when 
the  coils  are  in  series. 

To  render  it  impossible  for  the  electric  light  current  being 
passed  through  the  coils  when  in  series,  the  binding  screws,  marked 
FP,  and  to  which  the  wires  from  the  dynamo  machine  are 
attached,  are  only  in  circuit  when  the  commutator  is  turned  to 
pcurallel ;  the  common  screw,  marked  also  S,  and  the  third  screw, 
Quurked  S,  being  only  in  circuit  when  the  pommutator  is  turned  to 
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series.  Neither  the  coils  of  the  galvanometer  nor  the  one-ohm 
resistance  coil,  then,  can  be  damaged  by  the  commutator  being  left 
accidentally  in  a  wrong  position. 


A  TRANSMISSION  DYNAMOMETER. 

We  now  come  to  a  dynamometer  of  another  character,  viz.,  one 
for  measuring  the  horse-power  transmitted  by  a  shaft  to  any 
machine.  Much  of  the  vagueness  which  exists  as  to  the  economy 
in  electric  lighting  has  arisen  from  there  not  having  been  any  easy 
mode  of  measuring  the  power  absorbed  by  the  dynamo  machine. 
In  the  very  complete  investigations  of  Mr.  Schwendler,  Dr.  Hop- 
kinson,  and  of  others,  transmission  dynamometers  were  of  course 
employed,  but  they  were  laboratory  instruments.  Tou  do  not  find 
such  transmission  dynamometers  fitted  up,  almost  as  a  matter  of 
course,  in  all  cases  between  the  engine  and  dynamo-electric 
machines;  and  one  reason  of  this  is  because  such  transmission 
dynamometers  are  separate  machines  occupying  space  and  liable 
to  a  considerable  amount  of  oscillation  when  in  use,  requiring 
therefore  the  employment  of  a  dash  pot  to  damp  the  vibrations,  &c. 
Feeling  the  inconvenience  of  all  strap  dynamometers,  we  have 
designed  for  the  Guilds  Laboratory  at  Fiasbury  a  form  of 
dynamometer  which  can  be  permanently  attached  to  any  shaft, 
and  which  will  show  at  a  glance  the  force  being  transmitted  to  any 
particular  machine — not  a  dynamometer  that  is  specially  fitted  up 
with  a  certain  amount  of  trouble  for  some  special  investigation, 
but  an  apparatus  that  is  always  ready  and  always  indicating, 
whether  or  not  it  is  desired  to  make  any  use  of  its  indications. 
And  as  there  may  be  others  like  ourselves  who  feel  the  importance  of 
having  some  such  instrument,  which  shows  at  a  glance  to  a  manager 
of  works  the  power  absorbed  by  any  machine,  we  have  thought  you 
might  be  interested  in  seeing  the  working  drawing  of  the  dyna- 
mometer now  being  constructed  to  transmit  10  horse-power. 

B  B^y  figure  1,  is  a  loose  pulley  used  to  drive,  by  means  of  a 
strap,  any  machine,  such  as  a  dynamo-electric  machine.  F  F^  is  a 
boss  keyed  on  the  shaft  driven  by  the  steam  engine :  this  boss  has 
four  stout  arms  seen  in  figure  8,  which  are  attached  by  four  spiral 
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springs  to  the  rim  of  the  loose  pulley.    If,  then,  the  shaft  be  driven, 

and  the  motion  of  the  loose  pulley  be  resisted,  by  its  haying  to 

drive,  say,  a  dynamo-electric  machine,  the  springs  will  be  stretched, 

and  the  amount  of  such  stretchingi  combined  with  the  speed  of 

rotation,  will  measure  the  power  transmitted.    So  far  we  have  been 

merely  following  General  Morin.     Now  the  question  is  how  are 

we  to  measure  the  stretching  of  the  springs — that  is,  the  twist  the 

loose  pulley  and  the  keyed  boss  undergo  relatively  to  one  another. 

Such  a  twist  of  course  produces  a  tangential  motion  which  we 

desire  to  observe  without  stopping  the  machinery,  and  consequently 

without  any  system  of  unrolling  paper  and  moving  pencil  such  as 

General  Morin  employed.    We  have  sketched  out  various  devices, 

in  some  of  which  the  tangential  motion  was  transformed  into  a 

radial  motion,  in  others  into  an  axial  motion — that  is,  a  motion 

along  the  shaft.    For  example,  we  employed  the  plan  of  attaching 

a  cord  to  the  rim  of  the  loose  pulley,  and  passing  it  over  a  little 

wheel  on  the  arm  of  the  keyed  boss,  its  other  end  being  attached 

to  a  little  spiral  spring  which  again  was  attached  to  the  shaft.    If, 

then,  the  loose  pulley  and  keyed  boss  received  a  twist  relatively  to 

one  another,  the  little  spiral  spring  would  obviously  be  more  or 

less  stretched  according  to  the  direction  in  which  the  twist  was 

made.    A  bright  bead  then  attached  to  any  point  on  the  radial 

portion  of  the  cord  would  describe  a  larger  or  smaller  visible  circle 

as  the  shaft  spun  round,  and  the  radius  of  such  a  circle  would  be  a 

measure  of  the  force  transmitted.    Another  plan  we  employed  was 

to  carry  this  cord  under  a  second  little  wheel  on  the  shaft,  and 

attach  the  end  of  the  cord  to  a  collar  moving  loosely  along  the 

shaft,  the  little  spiral  spring  which  previously  was  in  the  radial 

portion  of  the  cord  being  now  placed  along  the  shaft,  and  having 

one  of  its  ends  attached  to  the  collar,  and  the  other  to  the  shaft,  so 

as  to  resist  the  motion  of  the  collar  produced  by  the  pull  of  the 

cord.    The  force  transmitted  would  then  be  measured  by  the  posi* 

tion  of  this  collar  on  the  shaft.    The  method,  however,  shown  in  the 

diagram,  of  converting  the  tangential  motion  into  a  radial  one,  we 

consider  preferable  to  the  others  just  alluded  to.    H  C  is  an  arm, 

which,  to  combine  considerable  stiffiiess  with  lightness,  is  trussed 

in  the  plane  of  rotation  as  well  as  in  a  plane  at  right  angles  to  this, 
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as  seen  in  the  apper  part  of  figure  3.     This  arm  turns  about  C,  a 
pivot  on  the  rim  of  the  loose  pulley,  and  is  moved  by  means  of  a2)W 
link,  L  LS  attached  at  L  by  a  pivot  to  the  arm,  and  at  L^  by  a , 
pivot  to  the  end  of  one  spoke  of  the  keyed  boss,  F  P.     If  now 
the  loose  pulley  and  the  keyed  boss  receive  an  angular  twist,  the  i 
end,  H,  of  the  arm,  to  which  a  bright  bead  is  attached,  moves  ;ii( 
almost  radically  towards  the  shaft.    The  exact  path  of  the  bead  H 
is  shown '  in  figure  4  for  different  positions  of  C.    Supposing,  for 
example,  we  regard  the  keyed  boss  at  rest,  and  that  C  moves  to  the 
point  marked  1,  then  L  will  also  move  to  1  in  the  other  curve,^ 
and  H  will  move  to  1  in  the  x>ath  it  describes. 

To  measure,  then,  the  power  transmitted  by  the  engine  to  the 
machine,  all  that  is  necessary  is  to  observe  on  a  scale  placed  in  a 
suitable  position,  the  radius  of  the  circle  traced  out  by  the  bright 
bead  H,  and  the  number  of  rotations  made  per  minute,  both  of  _, 
which  can,  of  course,  be  ascertaioed  at  any  time  without  stoppingi: 
the  machinery.  g 

An  alternative  arrangement  which  we  employ  with  very  stiflW 
springs  is  to  have  a  small  pinion  at  L^,  which  works  into  a  shcHtj  ^ 
spur  segment  on  the  pulley.  A  very  small  relative  angular  motion 
of  F  F^  and  B  B'  produces  in  this  case  a  great  angular  motion  oi 
the  pinion,  and  therefore  of  a  light  arm  which  turns  with  the 
pinion,  at  the  end  of  which  there  is  a  bright  bead. 

It  will  be  observed  that  this  form  of  transmission  dynamo, 
meter  is  not  only  extremely  Convenient  when  the  dynamo-electrv  ^ 
machine  is  driven  by  a  strap,  but  will  be  especially  suitable  ^ei 
the  machine  is  driven  direct  from  the  shaft  of  a  fast  speed  engine 
as,  for  example,  one  of  Messrs.  Brotherhood's  three-c^linde 
engines.  In  such  a  case  the  shaft  would  really  be  in  two  portion! 
end  to  end,  supported  by  suitable  brackets ;  one  keyed  boss  woul< 
be  on  one  portion  of  the  shaft,  and  an  arrangement  something  liki 
the  loose  pulley  we  have  referred  to  would  be  on  the  other ;  bu 
in  this  case  it  would,  of  course,  be  keyed  to  its  portion  of  thi 
shaft.  Motion  would  be  communicated  from  one  portion  of  th( 
shaft  to  the  other  through  the  spbral  springs,  and  the  extensioi 
optically  observed  in  the  maimer  we  have  described. 
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The  Fbesident  then  invited  discussion  on  the  paper  of  Mr. 
Fox  Pitt  and  on  those  of  Professors  Ayrton  and  Perry. 

Mr.  David  Chadwick  :  In  order  to  commence  the  discussion, 
I  should  be  very  glad,  as  one  of  the  public  not  professing  to  have 
much  technical  knowledge,  first  of  all  to  congratulate  Mr.  Lane  Fox 
and  the  Society  for  the  very  interesting  lecture  we  have  had.  But 
there  are  many  points,  I  think,  that  Mr.  Lane  Fox  has  omitted  to 
niention.  The  public  are  looking  with  great  interest  to  all  Mr. 
Lane  Fox's  inventions,  and  to  the  inventions  of  every  one  connected 
with  electric  science.  It  is  only  a  very  short  time  since  the  news- 
papers  were  full  of  the  discoveries  of  Mr.  Edison,  in  regard,  first, 
to  the  production  of  the  incandescent  light ;  next,  the  division  of  the 
incandescent  light ;  and  next,  the  invention  of  a  lamp  that  should 
bring  the  incandescent  light  into  practical  operation.  What  I  should 
like  to  know  is  this :  What  for  practical  purposes  would  be  the 
cost  and  benefit  of  the  incandescent  light  ?  The  most  interesting 
part  of  the  lecture  to-night,  and  of  the  exhibition  to-night,  is  the 
small  lamp  applicable  for  domestic  purposes.  I  should  like  Mr.  Lane 
Fax,  if  he  can,  to  tell  us  what  would  be  the  cost  of  introducing  that 
light  into  a  house  of,  say,  £100  a  year,  and  requiring,  say,  10  lights ; 
next,  a  house  of  £200  a  year,  and  so  on.  What  the  public  are 
interested  in  knowing  now  is,  seeing  that  the  electric  light  for  street 
">urpo6e8  and  for  the  illumination  of  railway  stations  is  an  acc(Hn. 
^  ished  fsbot.  Can  the  electric  light,  either  by  the  inventions  of 
Mr.  Lane  Fox,  or  of  any  one  else^  or  all  put  together,  make  the 
electric  light  ap|dicable  to  domestic  purposes  ?  It  is  quite  clear 
tuat  it  can  be  brought  to  illuminate  large  rooms  of  this  kind :  we 
see  that  it  can  be  brought  to  illumine  the  streets ;  but  the  lights 
for  domestic  purposes  are  the  most  important,  and,  to  my  mind,  the 
most  interesting  invention  which  has  been  brought  before  us.  I 
should  like  some  member  who  follows  me,  after  my  very  few 
remarks,  to  say  what  are  the  special  advantages  of  the  Lane  Fox 
light  in  comparison  with  the  Swan  light,  with  the  Edison  light, 
and  witii  the  Siemens  light  1  Have  any  other  persons  brought  the 
li^t  nearer  to  perfection  for  domestic  purposes  and  for  constant  use 
than  Mr.  Lane  Fox  1    Is  the  British  Electric  Light  Company  (who 
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havoj  I  believe,  fitted  up  the  display  to-night)  prepared  to  give  me 
an  estimate  of  the  cost  of  a  gas-engine,  either  Otto's,  Croesley's, 
or  any  other,  and  a  generator  which  can  be  connected  therewith, 
for  illuminating  my  house  in  the  country  ?  We  know  that  Sir 
William  Armstrong  has  lit  up  his  house  on  the  Swan  principle. 
Has  any  one  done  it  on  the  Lane  Fox  or  any  other  principle! 
and,  if  so,  what  are  the  advantages  ?  Will  Mr.  Lane  Fox  or  any 
other  engineer  present  enlighten  us  on  these  matters  ?  because  all 
the  inventions,  as  far  as  the  public  are  concerned,  are  comparative. 
We  want  the  best,  the  simplest,  and  the  cheapest  light;  and  if  any 
one  can  make  a  lamp  that  is  applicable  at  a  cheap  rate,  or  at  anything 
approaching  one  shilling  per  lamp,  the  cost  Mr.  Lane  Fox  has  stated 
as  the  cost  of  the  lamp  now  exhibited,  it  will  be  greatly  appreciated. 
Suppose  we  call  it  5s.,  to  include  manufacture  and  profit ;  and  if 
the  cost,  instead  of  a  farthing  per  hour  for  a  150  candle  light,  is  four 
times  that  amount,  or  one  penny  per  hour,  then  I  say  a  very  great 
object  has  been  accomplished.  It  will 'then  behove  all  who  are 
interested  in  gas  companies  to  look  about  them.  I  should  be  very 
glad  to  hear  some  practical  remarks  by  men  who  thoroughly  under- 
stand  the  matter  and  can  tell  us  what  are  the  relative  advantages 
of  this  beautiful  light,  than  which  I  never  saw  anything  more 
briUiant,  more  soft,  and  more  applicable  lor  domestic  lighting. 
What  are  the  comparative  advantages  of  this  with  all  other  lights  ? 
As  you  have  invited  me  and  others  of  the  public  here,  I  venture 
to  suggest  that  we  do  not  want  to  go  into  the  technical  question, 
but  to  leave  that  for  electric  engineers  to  discuss.  It  is  a  great 
and  interesting  public  question.  I  hope  some  one  will  follow  me 
who  will  tell  us  how  soon  it  can  be  applied  generally  to  domestfe 
use,  and  the  cost  in  the  cases  to  which  I  have  referred. 

Mr.  Cbomptok  :  Mr.  Chad  wick  calls  upon  our  President  to 
pronounce  authoritatively  which  system  of  incandescent  lighting 
(the  author's,  Mr.  Swan's,  or  Mr.  Edison's)  he  considers  best 
suited  for  the  requirements  of  private  users  of  the  light.  I  think, 
however,  that  he  will  hardly  obtain  the  decisive  opinion  he  wishes 
for,  for  several  reasons.  The  above-named  inventors  are  now 
running  neck  and  neck  in  an  honourable  race  to  supply  us  with  a 
truly  successful  light  for   domestic  use,  and  nothing  short  of 
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extended  practical  application  of  the  several  systems  will  famish 
sofScient  data  on  which  to  found  such  decisive  opinions  as  those 
asked  for. 

I  have  just  returned  from  the  Norwich  Fisheries  Exhibition, 
where  we  have  the  incandescent  lights  of  Mr.  Swan  in  use,  to 
light  up  all  the  smaller  spaces  and  offices.  As  far  as  mere  outward 
effect  is  concerned,  the  results  we  show  at  Norwich  are  very 
similar  to  those  before  you  this  evening.  Again,  Mr.  Chadwick's 
questions  as  to  cost  of  maintenance  cannot  be  answered  for  much 
the  same  reason,  viz.,  want  of  extended  practical  experience. 
I  think  enough  has  been  done,  however,  to  show  that  we  can  effect 
a  considerable  saving  over  gas. 

Referring  now  to  the  papers  under  discussion,  I  have  to  ask 
Mr.  Lane  Fox  Pitt  for  information  on  several  points.  Has  he 
considered  that  his  plan  of  distribution,  being  simply  the  multiple 
arc  system,  slightly  varied  by  the  earth  being  used  as  the  return 
circuit,  is  wasteful  of  current,  as  compared  with  those  systems 
where  a  current  of  higher  E.M.F.  is  used  sufficient  to  work  several 
lamps  in  series  in  each  branch  of  the  circuit?  I  made  a  calculation 
for  Mr.  Swan  some  time  ago,  which  showed  that,  given  an  incan. 
descent  lamp  of  a  resistance  of  40  ohms  when  hot,  and  requiring 
a  current  of  1  weber  to  raise  it  to  the  required  degree  of  incan. 
desoenoe,  the  energy  required  by  each  lamp  is  *053  H.P.,  or 
rather  over  18  lamps  to  the  H.P.  Now,  by  using  currents  of 
high  tension,  such  as  have  already  been  successfully  employed  by 
the  Brush  Company,  we  can  work  such  a  large  number  of  these  40 
ohm  lamps  in  series  as  to  utilise  80  per  cent,  of  our  energy  in  the 
lamps,  and  thus  get  14  lamps  per  H.P.;  whereas  if  we  use  currents 
of  low  tension,  and  work  the  same  lamps  ia  multiple  arc,  we  can  only 
get  10  lamps  per  H.P.  Of  course  I  am  aware  that  the  author  claims 
the  merit  of  greater  simplicity  for  the  multiple  arc  arrangement, 
but  this  dmpUcity  may  be  too  dearly  purchased  at  the  above  great 
loss  in  economic  efficiency. 

Turning  now  to  the  regulator  by  which  the  author  proposes  to 

keep  the  mains  at  a  constant  potential,  I  .may  remark  that,  so  long 

as  he  uses  lamps  in  parallel  arc  and  self-exciting  dynamo  machines 

to  produce  his  current,  the  machines  themselves  are  self-regulating 
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within  certain  limits  of  E.M.F. :  each  lamp,  as  it  is  switched  in  or 
out  of  circuit,  diminishes  or  increases  the  resistance,  and  conse- 
quently increases  or  diminishes  the  current  almost  in  the  exact 
proportion  necessary  to  keep  the  current  at  a  constant  potential. 

The  electrical  regulator  shown  by  the  author  is  extremely 
ingenious,  but  I  doubt  much  whether  it  will  have  power  to  work 
anything  but  the  throttle  valve  of  a  steam-engine ;  whereas  the 
tendency  of  mechanical  engineers  for  the  past  few,  years  has  been 
to  do  all  the  governing  of  the  steam  engine,  by  varying  the  cut.o£F 
of  the  slide  valve— a  duty  which  requires  a  governor  of  much 
greater  power  than  does  moving  the  throttle  valve. 

The  Brush  Company  have,  I  am  told,  an  extremely  ingenious 
regulator,  which  controb  the  KM.F.  of  their  machines,  by  short- 
circuiting  a  portion  of  the  fixed  magnets.  This  appears  a  more 
fitting  duty  for  Mr.  Fox's  regulator,  than  attaching  it  to  the  steam- 
engine  direct. 

As  to  the  use  of  the  secondary  or  reservoir  batteries  to  act  as  a 
store  of  electrical  energy,  it  is  one  of  those  things,  much  talked  of, 
but  never  yet  practically  carried  out.  M.  de  Meritins  told  me  a  few- 
days  since  that  a  secondary  battery  had  been  recently  brought  out 
in  France,  which  gave  surprising  results:  five  or  six  times  as  much 
energy  can  be  stored  in  it  as  in  the  Plants  battery.  In  fact,  if  I 
understood  him  aright,  32,000  foot-tons  of  energy  could  be  stored 
in  the  space  of  a  cubic  metre.  This  is  something  like  an  accumu- 
lator; and,  if  it  be  true,  we  have  got  our  electric  light  "  gasometer.'* 

I  am  curious  to  hear  the  author's  experiences  in  coupling  up 
dynamo-electric  machines  in  quantity  to  work  circuits.  So  long  as 
we  use  simple  self-exciting  machines,  we  have  had  considerable 
trouble  with  reversals  of  polarity,  causing  one  machine  to  drive  ita 
current  through  the  other  one,  instead  of  sending  it  through  the 
external  circuit.  Of  course,  with  separately  excited  or  magneto 
machines,  this  is  not  the  case. 

One  other  point  I  find  difficult  to  understand,  if  Mr.  Fox  is 
correct  in  his  measurement  of  resistance  of  these  lamps  at  85  ohms 
when  hot.  If  we  take  the  current  passing  at  one  weber  for  lamps, 
we  have  52  webers  through  a  total  resistance  of  about  2*5  ohms,  say, 
1*6  in  lamps,  *7  in  machine,  and  '2  in  leading  wires.     This  ia  equal 
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to  ratlier  over  9  H.P.  of  actual  electrical  energy  developed  in  the 
circoic.  The  B  gramme  is  a  very  powerful  generator  of  current, 
we  know^  still  I  don't  think  it  will  give  off  so  much  energy  as  this. 
I  think,  probably,  the  author  has  over-estimated  the  resistance  of 
bis  lamps. 

Professor  Ayrton's  galvanometer  will  be  a  great  help  to  us 
electric  light  engineers :  we  are  greatly  in  want  of  a  trustworthy 
galvanometer  of  sufficient  portability  to  be  carried  down  to  the 
various  instalations  as  we  fix  them. 

His  transmission  dynamometer  is  not  new.  A  young  elec 
trician  who  is  working  with  me,  Mr.  Harold  Thomson,  schemed  out 
almost  identically  the  same  arrangement  some  months  since,  the 
difference  being  in  the  mode  of  observing  the  tension  on  the 
springs;  the  extension  or  compression  of  the  springs  causing  a 
longitudinal  movement  of  one  of  the  pulleys  along  the  spindle, 
which  movement  could  be  observed  by  a  lever,  the  short  end  of 
which  pressed  lightly  against  the  end  of  the  pulley  boss,  the  other 
end  carrying  a  recording  index. 

Professor  Atbton  :  But  it  is  this  very  mode  of  observing  the 
t^ision  on  the  springs  that  Mr.  Perry  and  myself  regard  as  the 
novelty,  since,  as  I  have  already  mentioned,  spiral  springs  for 
dynamometers  were  used  long  ago  by  M.  Morin. 

Mr.  Mitchell  :  I  was  invited  here,  on  behalf  of  a  paper,  to  take 
part  in  this  discussion ;  and,  althous^h  I  do  not  wish  to  follow  the 
remarks  made  as  to  the  question  of  cost  of  electric  lighting,  or  to 
enter  into  matters  of  detail,  there  is  one  question  which  I  should 
like  to  re-echo  here :  What  are  we  to  depend  upon  with  regard  to 
our  electric  light?  When  Mr.  Preece  lectured  recently  at  the 
Society  of  Arts,  he  said  that  the  engine  had  been  too  much  over- 
looked: matters  of  detail  between  one  light  and  another  were 
frequently  gone  into ;  but  the  prime  force  we  had  to  depend  upon 
was  the  engine.  This  evening  I  have  those  remarks  brought  back 
to  my  mind  by  what  I  have  just  heard,  and  by  what  Mr.  Preece 
said  to  Mr.  Fox,  that  the  accident  to  the  light  was  due  to  the 
engine  strap  slipping.  I  think  this  is  a  favourable  opportunity  for 
obtaining  the  information  which  I  have  so  frequently  asked  for : 
How  are  we  to  get  over  this  difficulty  of  the  strap  slipping  ?    If 
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there  is  an  answer  I  shall  be  glad  to  know,  as,  if  this  Society  can 
get  over  that,  a  great  diiSculty  will  be  overcome.  If  we  are  going 
to  introduce  electric  lighting,  I  do  hope  that  it  will  be  done  simply 
and  thoroughly ;  but,  when  I  am  asked  this  question,  I  want  to 
know  what  answer  I  can  give.  Perhaps  we  shall  have  to  go  back 
to  the  old  adage  of  the  shoemaker,  that  there  is  nothing  like 
leather ;  but  I  shall  be  glad  to  have  information  on  the  point. 

Mr.  C.  Q.  GUMPEL,  A.I.C.E. :  Sir,— There  are  two  or  three 
points  on  which  I  should  like  to  have  some  information,  which  I 
think  Mr.  Lane  Fox  can  give. 

We  have  had  this  brought  before  us  as  a  new  system.  I  have 
failed  to  discover  the  difference  between  this  and  Mr.  Swan's, 
which  has  been  exhibited  several  times  in  London,  and  between 
Mr.  Edison's  system.  In  all  these  three  cases  it  is  a  carbon 
filament  which  is  brought  to  incandescence,  and,  so  far.  as  the 
outside  public  is  concerned,  we  do  not  know  the  difference. 
Edison's  system,  no  doubt,  takes  precedence  in  point  of  time^  and 
also  in  the  preparation  of  the  carbon  filaments,  by  exhausting  the 
vessel  while  they  are  under  incandescence,  greatly  improving 
thereby  the  vacuum,  and  increasing  the  durability  of  the  fila. 
ments,  which  I  believe  is  a  great  step  towards  success. 

Mr.  Lane  Fox  has  not  told  us  about  the  manner  of  preparing 
his  carbons,  and  it  will  be  remembered  that  Mr.  Swan  avoided  the 
question ;  whereas  the  whole  and  chief  difference  between  Mr.  Fox 
and  Mr.  Swan  is  only  in  the  production  of  the  carbon  filament. 

Next,  with  regard  to  the  arrangement  of  the  lamps.  It  is  well 
known  that,  if  we  put  a  number  of  these  electric  lamps  in  parallel 
circuit,  when  one  or  more  are  turned  out,  unless  there  is  an  equiva. 
lent  resistance  substituted,  the  machine  will  either  be  short-circuited 
and  the  armature  be  heated,  or  the  carbon  filaments  in  the  lamps 
will  be  destroyed.  To  avoid  this  evil  in  the  dynamo  machine,  the 
multiple  circuit  was  abandoned,  and  the  series  arrangement 
with  compensating  resistances  adopted,  as  has  been  stated  by  Mr. 
Orompton. 

In  regard  to  economy,  it  is  a  very  delusive  statement  to 
make,  that  our  steam-engines  can  be  worked  on  1J[  lbs.  or  1}  lbs. 
of  coal  per  horse-power.    As  a  practical  engineer,  I  know  that 
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there  are  no  such  cases.  The  nearest  approach  to  it  is  that  of  Mr. 
Loftus  Perkins,  and  he,  I  think,  approached  it  to  a  very  small 
fraction  under  2  lbs.,  1*6  lbs.  or  1*7  lbs.  The  greatest  effect 
attained  in  steam-engines  was  in  the  *'  lona*'  on  the  Clyde,  which 
was  a  special  favourite  of  Professor  Bankine's.  That  vessel  pro- 
duced one  horse-power  with  about  2  lbs.  of  coal,  which  is  very 
rarely  reached ;  and  even  in  the  largest  engines,  working  up  to 
8,000  horse-powerj  it  approaches  3  lbs.  In  ordinary  steam-engines 
now  working,  the  average  consumption  is  3  to  4  lbs.,  and  the 
great  point  is  this,  as  put  by  Mr.  Chadwick  just  now:  What 
is  the  cost  of  the  electric  light  where  large  centres  for  distribution 
cannot  be  established  ?  If  I  had  a  house  in  the  country  I  would 
not  listen  to  any  one  telling  me  the  light  could  be  produced  by 
li  lbs.  of  coal  per  horse-power,  but  should  want  to  know  the  price 
of  an  apparatus  that  would  provide  so  many  lights  with  an  ex. 
penditare  of  5  to  6  lbs.  of  coal  per  horse-power  per  hour.  That  is 
the  figure  which  diould  be  brought  into  calculation.  The  electric 
light  is  at  present  but  little  established :  it  is  a  thing  which  has  to 
be  developed;  and  under  these  circumstances  few  will  adopt  it 
unless  they  can  afford  a  certain  sacrifice  and  run  a  certain  risk. 
Were  I  a  capitalist,  I  would  not  hesitate  to  go  to  the  expense,  if  only 
to  promote  it ;  but  the  ordinary  public  will  not  do  thisj  and  we 
must  give  them  reliable  figures,  or  destroy  their  confidence. 

The  apparatus  by  means  of  which  Mr.  Lane  Fox  proposes  to 
regulate  the  dynamo  machine  through  the  steam  valve,  as  already 
pointed  out  by  Mr.  Compton,  is  not  up  to  the  standard  of  engineer, 
ing  at  the  present  time.  To  wire-draw  the  steam  is  not  the  best 
means  of  regulating  an  engine  either  for  economy  or  efficiency :  it 
must  be  by  the  slide  valve ;  and  the  great  advantage  of  the  Corliss 
engine  is  simply  owing  to  the  iojct  that  the  steam  is  cut  off  as  near 
as  possible  at  the  steam  cylinder,  to  get  the  most  beneBcial  result. 
Anything  of  the  kind  suggested  by  Mr.  Fox  would  not  be  adopted 
by  any  engineer,  and,  even  if  his  regulator  were  adopted,  I  am  afraid 
it  would  be  unsteady.  Should  the  current  be  toe  strong,  the  regu- 
later  would  cut  off  the  steam :  this  would  weaken  the  current,  which 
then  would  turn  the  steam  on  again,  and  so  oscillations  would  be  the 
result    The  regulation  of  the  current  is  a  most  difiicult  task  to 
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fulfil,  and,  as  Mr.  Crompton  has  stated,  there  aie  already  better 
systems  in  yogue  than  the  one  now  before  us.  Any  practical 
engineer  or  electrician  who  designs  a  veiy  efficient  regulator  will 
most  decidedly  promote  the  advance  of  the  electric  light 

On  the  whole,  we  can  but  thank  Mr.  Lane  Fox  for  bringing  his 
system  before  us.  There  is  no  question  that,  \mtil  the  electric 
light  can  be  introduced  into  our  very  houses,  we  shall  not  look 
upon  it  as  a  light  to  be  generally  adopted.  But  when  we  are  asked 
about  steam  engines  and  gas  motors  for  producing  the  light,  let  ns 
give  our  friends  reliable  figures. 

The  further  discussion  on  Mr.  Fox  Pitt's  paper  was  then  ad. 
joumed  until  April  28th,  and  the  meeting  concluded  by  a  ballot, 
at  which  the  following  were  elected 
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THE  THERMO-ELECTRIC  NEUTRAL  POINT. 

By  A.  Pabtz. 

While  eogaged  of  late  in  making  a  series  of  thermo-electric 
experiments,  I  had  repeated  occasions  to  fully  convince  myself 
that  the  electric  currents  resulted  purely  from  a  conversion  of  the 
applied  heat.  I  also  obtained  a  little  more  light  on  the  conditions 
under  which  that  conversion  took  place,  and  detected  various 
errors  in  the  statements  of  former  investigators  of  the  subject. 
For  instance,  there  is  evidently  something  wrong  about  the  iron 
line  in  the  diagram  on  p.  178  in  the  highly  meritorious  book  of 
Professor  Jenkin;  indeed,  the  whole  diagram  seems  to  need  a 
revision.  This  may  be  shown  by  a  few  simple  trials.  Take  a 
platinum  and  an  iron  wire,  each  about  1  mm.  thick  and  at  least 
15  cm.  long  (so  that  the  heat  be  not  conducted  too  readily  to  the 
pole  connections),  twist  them  together  and  hammer  the  twisted 
ends  a  little  flat,  so  as  to  prevent  them  from  untwisting  when 
heated ;  form  a  circuit  through  a  galvanometer,  and  introduce  the 
twisted  end  gradually  into  a  strong  flame.  Tou  will  see  the  needle 
steadily  deflecting  in  the  same  direction  until  the  wires  havo 
attained  at  their  junction  a  bright  red  heat,  when  it  suddenly 
stops,  and  it  will  then  not  move  either  one  way  or  the  other,  even 
though  the  heat  be  raised  considerably  higher  by  the  aid  of  a 
blowpipe ;  and,  when  you  withdraw  the  couple  from  the  flame,  the 
needle  will  steadily  recede  to  0^.  There  is,  then,  no  reversion  of 
the  current,  no  neutral  point ;  but  there  is  a  point  of  maximum 
force.  In  making  the  experiment  with  wires  of  argentine  and 
iron,  and  of  argentine  and  copper,  the  same  result  will  be  obtained 
in  a  more  striking  manner,  because  of  the  greater  strength  of  the 
currents ;  and  here  it  will  be  found  that  the  maximum  force  of 
the  couple  of  argentine  and  copper  is  not  much  inferior  to  that  of 
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argentine  and  iron.  With  couples  of  silver  and  iron,  oopper  and 
iron,  and  aluminium  and  iron,  I  did  observe  a  reversion  of  the 
currents,  which  went  first  from  the  former  to  the  latter  metals 
through  their  heated  junctions,  and  then  gradually  turned  the 
other  way ;  but  here  also  occurred  the  same  points  of  maximiiTn 
force  beyond  which  the  currents  could  not  be  pushed  by  an 
increase  of  heat. 

These  and  other  trials  led  me  to  conclude  that  I  had  got  on 
the  track  of  a  new  law,  which  may  be  stated  as  follows : — 

'*  The  thermo-electric  current  of  a  metallic  couple  attains  its 
maximum  strength  when  the  molecular  structure  of  one  of  the 
metals  begins  to  change,  at  the  heated  junction,  from  that  of 
solidity  to  that  of  plasticity,  when  the  metal  begins  to  take  up 
latent  heat'' 

To  test  this  law  at  a  moderate  temperature,  and  in  such  a  way 
that  the  change  in  the  state  of  aggregation  of  one  of  the  metals 
could  easily  be  observed,  I  made  the  following  experiment : — ^I 
cast  bismuth  in  a  porcelain  tube  1  cm.  in  diam.  and  16  cm.  long, 
inserting  at  each  end  a  copper  wire,  one  passing  through  a  plug  of 
plaster.  Having  connected  the  wires  with  a  galvanometer,  I  held 
the  tube  in  an  inclined  postition,  with  its  open  end  over  an  alcohol 
flame.  The  moment  when  the  bismuth  began  to  soften,  so  that 
the  inserted  wire  became  slightly  loosened,  the  needle  stopped  ad. 
vancing ;  and,  although  I  then  increased  the  heat  &r  beyond  the 
melting  point  of  the  metal  (the  lower  end  of  the  tube  being  placed 
in  water),  the  needle  remained  at  the  same  spot. 

As  regards  the  reversion  of  thermo-electric  currents,  I  lun  con- 
fident that  future  investigations  will  prove  them  to  be  due  to  such 
molecular  changes  as  are,  with  respect  to  some  metab,  already 
known  to  take  place  at  comparatively  low  temperatures.  Thus* 
while  zinc  is  malleable  at  150^  C,  it  becomes  brittle  at  200^,  and 
that  change  just  coincides  with  the  inversion  of  its  current  with 
iron. 
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K.  KBLKKOLTZ— ON  0UBBENT8  FBOM  P0LABI8£D  PLATINUM 

PLATES. 

(AwiidUn  der  Phy$ik  und  Chemie,  B.  XL,  H.  5.,  1880,  Ko.  18,  pp.  787-759.) 

The  author  was  led,  by  hit  experiments  on  electrical  capillary  phenomena, 
to  investigate  whether  similar  results  were  caused  by  the  motion  of  an  electro- 
lytic fluid  along  polarised  platinum  plate9.  It  was  necessary  to  observe  the 
effects  produced  by  the  polarisation  of  one  electrode  independently  of  the 
simultaneous  polarisation  of  the  other.  The  experiments  were  made  with 
electrodes  of  platinum  wire  (0*5  mm.  thick,  60  mm.  long),  which  was  fused  into 
glass  tubes  where  it  cut  the  furfkce  of  the  liquid.  These  dipped  into  slightly 
acidulated  water.  In  one  series  of  experiments,  where  the  platinum  wire  acted 
as  kathode,  the  second  electrode  was  zinc  amalgam,  which  remained  unpolarised. 
In  many  other  series,  the  second  electrode  was  a  pair  of  platinum  plates, 
between  which  a  continuous  weak  current  from  two  Daniells  was  maintained, 
Bofficient  to  decompose  water.  Besides  being  connected  by  the  two  platinum 
plates  in  the  water,  the  battery  circuit  was  completed  through  a  resistance  of 
3,000  Siemens  units.  By  means  of  a  sliding  contact  piece  on  this  shunt  circuit, 
connection  could  be  made  through  a  Thomson  galvanometer  with  the  platinum 
wire  electrode.  With  this  arrangement,  the  pair  of  platinum  plates  acted  as  an 
onpolarised  electrode.  The  figure  shows  the  connections,  in  which  A  and  B 
are  the  platinum  wires,  H  and  O  the  pair  of  platinum  plates  for  decomposing 


water,  D  the  two  Baniell's  cells,  o  h  the  scale  of  2,000  units  resistance,  and  G 
the  galvanometer,  which  can  be  joined  up  to  a  and  b,  a  and  e,  or  h  and  e. 
According  to  the  position  of  the  contact  piece  (/),  the  E.M.F.  could  be  varied 
from  — 1,000  to  +  1,000  in  terms  of  the  scale,  and  these  values,  divided  by 
1,086,  give  the  E.M.F.  in  Daniells.  If  an  E.M.F.  -  —  1,000  is  allowed  to  act 
for  several  days,  to  get  rid  of  all  occluded  hydrogen  by  the  development  of 
oxygen  on  the  surfaces  of  the  wires,  and  then  the  E.M.F.  is  varied  fh>m  —  900 
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to  0,  a  decrease  of  the  E.ILF.  between  these  limits  causes  a  temporary  negatiTe 
fluctuation  of  the  current,  an  increase  causes  a  positiye  one.  But  as  soon  as 
the  limit  E.M.F.  ->  0  is  passed,  strong,  persistent,  positive  eurrents  are  pro- 
duced. Since  1|  Danielis  are  necessary  for  electrolysis,  no  separation  of  free 
hydrogen  can  take  place  with  the  E3(.F.  employed;  and  the  author  concludes 
that  the  great  increase  of  the  current  is  due  to  the  taking  up  and  occlusion  of 
the  hydrogen  by  the  platinum.  After  the  first  strong  current  has  abated, 
reduction  of  the  E3LF.  produces  an  increase  of  the  former  current,  after  a  short 
negative  deflection.  This  is  not  observed  if  the  platinum  plates  have  become 
saturated  with  hydrogen. 

in  one  instanee  an  E.MJB'.  »  +  1000  was  allowed  to  act  for  a  fortnight. 
The  current  fell  gradually  to  less  than  half  the  strength  it  had  at  first. 
On  making  changes  in  the  E.M.F.  by  steps  of  100  S.X7.  at  a  time,  every  backward 
step  gave  a  negative  deflection,  every  forward  step  a  positive  one.  On  returning 
to  negative  E.M.F.,  continuous  currents  are  produced  which  have  madi 
greater  intensity  than  those  first  obtained.  The  cause  of  these  currents  is 
doubtless  to  be  found  in  the  circumstance  that  the  occluded  hydrogen  gradually 
soaks  out  of  the  platinum,  and  combines  with  the  oxygen  set  free  from  the 
electrolyte  by  the  E.M.F. 

In  investigating  the  eflbct  of  currents  of  water  along  polarised  platinum 
surfaces,  the  thin  platinum  wires  above  described  were  used,  and  were  kept  in 
vibration  by  slight  taps  with  a  glass  tube ;  or  the  electrodes  were  placed  at  the 
openings  of  small  tubes,  from  which  water  was  allowed  to  flow  into  the  large 
vessel  (C).  It  is  necessary  to  distinguish  the  primary  current  which  is  developed 
before  the  electrodes  are  shaken,  and  the  concussion  current  due  to  the  shaking. 
According  as  the  shaken  electrode  is  kathode  or  anode,  the  author  terms  the 
concussion-current  kathodic  or  anodic,  and  he  deduces  the  following  laws  from 
his  observations  :— 

1.  When  there  exists  a  strong  kathodic  primary  current,  the  concossion 
currents  are  always  in  the  same  direction  and  strengthen  the  existing  current. 

2.  When  the  primary  current  is  anodic,  or  weak  kathodic,  the  ooncossioa- 
currents  are  anodic. 

3.  The  covering  of  the  sur&oes  of  the  platinum  plates  tdth  hydrogen 
promotes  the  development  of  anodic  concussion-currents.  These  are  strongest 
if  platinum  plates  strongly  charged  with  hydrogen  are  brought  under  Hie 
action  of  anodic  E.M.F.  The  limit  between  currents  which  give  anodic  and 
kathodic  concussion-currents  lies  at  weaker  kathodic  currents  for  piatinnm 
plates  poor  in  hydrogen  than  for  those  rich  in  hydn)gen« 

4.  If  the  primary  current  is  interrupted,  anodic  concussion-currents  are 
obtained,  which  are  stronger  the  more  the  electrodes  are  charged  with  hydrogen. 

A  current  produced  by  shaking  of  the  electrodes,  even  after  long  duration, 
gives  no  deflection  in  the  opposite  direction,  as  do  alterations  of  the  current  doe 
to  change  of  resistance  or  B.M  J*,  with  polarised  plates.  It  may  be  concluded 
that  the  concussion^current  is  not  produced  by  any  of  the  changes  which  would 
have  produced  the  polaiisation^urrent  in  a  state  of  rest.  A  strong  kathodic 
current  removes  the/u^id  fh)m  the  neighbourhood  of  the  electrode,  and  forms 
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badly  conducting  layera.  If  these  are  washed  away,  an  increased  current  muM 
result.  This  causes  the  kathodic  concnstion-ourrent ;  but  in  the  case  of  anodic 
eorrents  there  is  nothing  corresponding  to  this  cause. 

In  genera],  then,  if  the  concussion  does  not  alter  the  resistance,  wiree  which 
contain  much  occluded  hydrogen  give  kathodic  coHcussion-currente;  thoee 
containing  less,  strong  anodic  currents,  and  those  with  very  little  hydrogen, 
weak  anodic. 

The  author  proceeds  to  give  his  hypothesis,  which  is  founded  on  the  above 
ezpenments  and  others.  He  starts  with  the  view  that  a  different  degree  of 
attraction  for  the  two  kinds  of  electricity  belongs  to  every  substance  which  can 
act  as  a  metallic  conductor.  Since,  whenever  positive  electricity  is  produced,  an 
equal  quantity  of  negative  is  also  called  into  existence,  it  is  only  necessary 
to  speak  of  the  forces  acting  on  the  positive.  If  the  work  which  is  performed 
by  this  attractive  force,  when  the  electrostatic  unit  of  positive  electricity 
passes  from  any  metal  serving  as  base  of  the  series  at  a  zero  potential  into 
the  interior  of  a  metal  (M),  is  put  «  Gm,  and  the  value  of  the  potential  in 
M  »  ^m,  then  there  is  electrical  equilibrium  between  two  metals  (Z  and  0)  when 
^r  —  Og  —  ^c  —  C^c•  The  constants  (G),  which  the  author  terms  the  galvanic 
value,  determine  the  place  of  the  metal  in  the  voltaic  series.  The  zero  of  the 
series  can  be  fixed  arbitrarily,  and  the  author  chooses  the  metal  of  the  electro- 
meter which  receives  the  charge  from  the  body  to  be  experimented  upon,  in 
which  case  ^g  —  G^  and  ^c  — *  ^e  &i*e  the  values  of  the  potentiaL 

To  explain  Earaday's  law  of  electrolysis,  he  assumes  that  in  every  compound 
body  ci^pable  of  electroljrsis,  each  combining  unit  of  the  kation  is  imited  with 
one  equivalent  of  +  electricity,  each  combining  unit  of  the  anion  with  one 
equivalent  of  negative.  No  other  force  (chemical)  is  opposed  to  the  free 
motion  of  the  positively  and  negatively  charged  ions,  than  their  electrical 
attraction  and  repulsion.  In  order  that  a  number  of  positive  ions  may  separate 
electricaUy  neutral  and  chemically  uncomhined,  the  half  of  them  must  give  up 
their  equivalents  of  +  £,  and  take  up  the  corresponding  —  £•  This  transfSsrence 
is  accompanied  hy  a  considerable  consumption  of  work,  and  constitutes  the 
definite  separation  of  the  former  chemical  combination.  If  the  electrolytic 
liquid  is  in  contact  with  two  electrodes  of  unequal  potential,  a  collection  of 
the  atoms  of  the  positive  ion  takes  place  at  the  negative  plate^  and  of  the 
nc^tive  at  the  positive  plate,  until  the  potential  in  the  interior  of  the 
liquid  has  reached  a  constant  value.  If  positively  charged  atoms  collect 
akmg  the  outer  side  of  the  surface  of  the  electrodes,  the  corresponding 
quantity  of  negative  electricity  is  attracted  to  the  inner  side,  so  as  to  form 
an  electrical  double  layer.  In  such  a  case  molecular  forces  must  act,  which 
have  a  very  small,  but  finite,  sphere  of  influence;  for  otherwise  the  distance 
0^  the  two  layers  from  one  another  would  be  infinitely  small,  and  the  work 
of  the  electrical  forces  corresponding  to  the  accumulation  would  be  infinitely 
great.  In  the  former  case  the  double  layer  will  possess  a  finite  moment^' 
and  form,  in  fact^  a  condenser  of  extraordinary  high  capacity.  So  long  as  no 
chemical  action  alters  the  quantity  of  the  accumulated  electricities,  the 
potential  of  the  liquid  between   the  two  electrodes  is  determined  by  equal 
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quantities  of  -(•  £  and  of  —  E  having  accumulated  at  both  electrodes.  Let  £ 
he  the  quantity  of  the  accumulated  electricity,  Fi  and  F%  the  areas  of  the  two 
electrodes,  Gi  and  Ct  the  capacities  of  unit  of  surfEice  (which,  as  far  as  possible, 
are  functions  of  the  thickness  of  the  layer),  ^i,  ^  and  fe  the  potentials  of  the 
two  metal  plates  and  of  the  fluid,  then  there  is  electrical  equilibrium  when 

(1.)   E  «F,  .Ci.(^i  — <K));E -F,    C.(^-4»j). 

(lo.)  ^1— G|  — 4n  +  Gj  -  A 
where  A  «  E.M.F.  of  the  battery. 

From  this  follow  the  equations,  entirely  establishing  the  conditiona  of 
equilibrium. 

(16.)    U^<^^{A^Gr-^0,}^-^l^^ 


.-^-{A.(h-G.}j^ 


F,Ci 

F,U, 


The  processes  explained  by  the  author  on  this  hypothesis  are  (1)  the  electro- 
lytic separation  of  the  ions  from  a  liquid,  and  (2)  the  occlusion  of  hydrogen 
in  the  metal  of  the  kathode. 


Dr.  r.  rPOHg    ETiKCTBO-MOTIVE  FOHOE  OF  YABIOUS  ZING-COPPSB 

ELEMENTS. 

(Annalen  der  Physih  und  Chemie,  B,  XI,  H.  b.  No.  18, 1880,  pp.  795.800.) 

The  current  from  several  Bunsen's  cells  was  sent  through  a  voltameter,  two 
rheostats,  a  platinum  wire  (a  h),  and  so  back  to  the  battery.  A  shunt  circuit 
connected  with  the  points  a  and  h  of  the  wire  contained  a  contacti^ey,  a 
galvanometer,  and  the  element  to  be  experimented  upon,  the  positive  pole  of 
which  was  connected  up  to  that  point  of  the  wire  (a  h)  at  which  the  main  current 
entered.  The  current  strength  in  the  main  circuit  was  so  regulated  by  means 
of  the  two  rheostats,  that  the  galvanometer  needle  remained  at  rest.  The 
voltameter  was  put  in  connection  with  a  glass  globe  for  collecting  the  gas 
evolved  for  a  time  (<),  which  was  generally  thirteen  minutes.  If  the  galvaiKK 
meter  gives  no  deflection  during  this  time,  the  difllerence  of  potential  between 
the  points  a  and  h  is  equal  to  the  electro-motive  force  of  the  experimental  cell. 

E 

The  current  strength  in  a  b  (resistance  =  lo)  is  I  -=  -- ;  and  since  the  current 

strength  in  the  voltameter  equals  that  in  a  &,  if  x  is  the  reduced  volume  of  gas, 

Z  Z'W 

1  mm  -ji  and  hence  E  =  -7- ,  where  z  is  in  cubic  centimeters,  t  in  minatea, 

and  to  is  equal  to  1*002  Siemens'  units.  The  platinum  wire  was  soldered  at 
either  end  to  a  copper  rod.  The  two  rods  were  attached  to,  but  well  insulated, 
from,  a  piece  of  cork;  the  whole  being  placed  in  spirits  of  wine,  which 


ABSTRAOTS.  179 

prevented  any  change  of  resistance  due  to  heating  of  the  wire.  The  resistance 
of  the  wire  between  the  points  a  and  h  was  determined  by  a  modification  of 
Wbeat8tone*8  method.  One  branch  of  the  bridge  contained  the  unknown 
resistance  (a  h),  and  a  standard  unit  coil  (e  d),  the  other  branch  was  a  wire 
stretched  over  a  scale.  The  bridge  wire  was  connected  successively  to  the 
points  a,  h,  e,  d,  and  the  needle  brought  back  to  zero  by  shifting  the  point  of 
contact  with  the  stretched  wire.  In  this  way  the  points  a^  fl  y,  S*  ^®^^ 
obtained,  the  potentials  of  which  equal  those  of  a,  b,  c,  d  respectively.  The 
resistance  a  h  has  the  same  ratio  to  the  standard  c  (2,  as  the  length  a  y3  to  7  $. 
The  results  obtained  were  a  &  -  1*002,  1*002, 1*001  Siemens*  units.  The  globe 
for  receiving  the  gas  was  calibrated  in  cubic  centimetres  by  weighing  with 
mercury :  and  during  the  experiments  it  was  surrounded  by  a  water  bath,  the 
temperature  of  which  was  taken  by  a  thermometer  reading  to  fifths  of  a  degree. 
The  strength  of  the  current  was  brought  to  the  desired  point  by  means  of  the 
two  rheostats ;  the  first  an  ordinary  one,  and  for  finer  adjustment  a  second, 
consisting  of  two  platinum  wires  fixed  by  corks  in  a  tube,  which  could  be 
immersed  more  or  less  in  a  test-tube  of  mercury  by  means  of  a  screw,  thus 
allowing  a  greater  or  less  length  of  the  wires  to  be  brought  into  circuit.  The 
nunbers  in  the  following  tables  are  the  volumes  of  gas  in  cubic  centimetres 
produced  in  one  minute  by  one  element  as  described,  working  through  a  total 
resistance  of  one  Siemens'  unit.  The  figures  in  brackets  show  the  i>arts  by 
weight  of  the  salt  in  the  solution. 

Cell  I.  Amalgamated  zinc ;  zinc  sulphate  (1^8) ;  copper  sulphate  (1 6) ; 

copper. 

Exp.  1.    E  -   12-21 ;  1215, 

3.  £  -   1214;  12*12. 

5.  E  -  12*19;  12*20;  12*18. 

7.  £  -  12*28;  1219. 

9.  £   -   12*24;  12*21;  12*28;  12-25. 

Mean,  E  ->  12  2. 

Cell  n.  Amalgamated  zinc ;  zinc  sulphate  (1 — 8) ;  copper  sulphate  (1—4) ; 
copper. 

Exp.  16.    £  «  12*18;  .12*15. 
17.    E  -  12*18;  1218. 

Mean,£  -  12-ia 

CeimL  Amalgamated  zinc ;  sulphuric  acid  (sp.gr.  »  1*181);  copper  sul. 
phate(l— 5);  copper. 

Exp.  2.    £  -  18*11;  12*84. 

4.  £  -  18' 10;  18*07;  1805. 

6.  £  -  1810;  18*08;  18*05. 

8.  £  «  18*22;  18*28;  13*14. 

10.  £  -  18*22;  18  08. 

Mean,  £  -  18*16. 
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Cell  ly.  Amalgamated  zinc;  zinc  sulphate  (1—3);  copper  sulphate  (1—2) 
copper. 

Exp.  11.    E  -  12-52;  12  46 
12.    £  »  12*82 ;  12*81 
18.    E  -  12*40;  12*88. 
Mean,  12*41. 
Cell  y.  Same  as  ahove,  but  2  volumes  of  the  copper  solution  diluted  to  5. 
Exp.  14.    E  «  11*90;  11-92. 


THE  THEOBY  OF  VOLTA'S  FUNDAMENTAL 
EXPEBIMENT. 

{Afinalen  der  Physik  und  Chemie,  B,  XL,  H.  5,  No,  13, 1880,  pp.  1084-1036.) 

The  author  has  shown  in  the  AnnoUen,  B.  IX.,  p.  591,  that  the  causes  of 
difference  of  potential  are  not  to  be  sought  for  in  the  contact  of  two  metals, 
but  in  chemical  changes.  He  shows  by  one  experiment  chosen  from  five  that 
no  difference  of  potential  arises  from  the  contact  of  two  metals.  Both  pairs  of 
quadrants  of  an  electrometer  were  connected  with  the  poles  of  a  Zamboni's 
pile,  the  needle  with  one  of  the  plates  of  a  zinc-zinc  condenser.  On  connecting 
the  second  plate  of  the  condenser  to  the  copper  pole  of  a  Daniell,  the  zinc  pole 
of  which  was  to  earth,  the  electrometer  gave  a  deflection  »  +  A.  Discharging 
the  whole  apparatus  and  reversing  the  connections  of  the  Daniell,  the  electro- 
meter gave  a  deflection  =  —  A.  (A  was  -=  18  mm.)  According  to  the  contact 
theory  (if  E  means  earth,  and  F,  fluid  in  the  cell), 

£  I  Zn  +  Zn  |  F  +  F  |  Cu=»Cu  |  Zn-  +  A 
andElCu  +  Ou|P  +  F|Zn                 =— A 
and  therefore  E  |  Zn  +  E  |  Cu  +  Cu  |  Zn-0 (1) 

Beplacing  the  zinc  condenser  by  a  copper  one,  and  repeating  the  ezperiment» 

E|  Cu  +  E  |Zn  +  Zn|Cu=0  (2) 

Butfrom(l)and(2)Gu|Zn  =  Zn  |  Chi,  that  is,  Zn  |  Gu»0 

The  author ,  considers  that  Tolta's  experiment  is  a  phenomenon  of  static 
induction.  The  charge  of  a  zinc-copper  condenser  conmiences  already  on 
approaching  the  plates,  and  therefore  without  any  contact.  This  induction 
seems  to  have  its  source  in  the  electrical  films  of  oxide  which  cover  the  metals, 
and  which  in  different  metals  possess  different  potentials  corresponding  to  the 
heat  of  oxidation. 


P.  SZNEK— THE  THEORY  OP  THE  GALVANIC  OELL. 
(AnnaUn  der  Physik  wid  Chemie,  B.  XZ,  ff.  5,  No,  18, 1880,  pp.  1036-1088.) 

The  author  having  shown  in  the  above  article  that  no  electro-motive  force 
is  produced  at  the  point  of  contact  of  two  metals,  investigates  the  action  of  the 
galvanic  cell  from  a  chemical  point  of  view.  A  condenser,  with  one  plate  of 
zinc  and  the  other  of  water,  behaves  as  a  zinc-platinum  condenser,  while  a 
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copper-water  condenser  behaves  like  one  of  copper  and  platinum,  which  shows 
that  water  plays  the  same  part  as  platinom.  The  author  experimented  with  a 
condenser,  one  plate  being  zinc  and  the  other  various  liquids,  the  connection 
being  a  platinum  wire.  The  liquids  taken  were  water  and  solutions  of 
Hf  8O4,  Cu  BO4,  Zn  8O4.  HCl.,  HNOs  and  alcohol,  and  he  found  that  the  charge 
remained  always  the  same.  Since,  then,  where  there  is  no  chemical  action  there 
is  no  production  of  electricity,  there  can  be  no  longer  any  doubt  that  the 
electrically  active  points  are  those  where  such  action  does  exist.  It  by  no 
means  necessarily  follows  that  the  tree  potential  at  the  poles  of  an  open  cell 
are  equal ;  their  ratio  depends  on  the  capacities  of  both  poles :  if  these  are 
equal,  then  the  potentials  are  equal.  If  8  is  the  constant  difference  of  potential 
of  the  poles,  G  the  capacity  of  the  positive  pole,  0  that  of  the  negative,  then— 

C 

Free  potential  at  —  pole  -»  —  8  q 

e 
Free  potential  at  +  pole  =  +  8  q  ^  ^ 

On  investigating  the  course  of  the  potential  in  open  and  closed  cells,  it  was 
found  that  a  change  occurred  only  at  those  points  where  there  was  chemical 
action.  Thus  in  a  8mee'8  cell  it  occurs  between  Zn  and  Hs  SOi,  not  between 
Hs  8O4  I  Pt,  nor  naturally  between  Ft  |  Zn.  In  two-fluid  cells,  e.g.,  Daniell's, 
the  potential  suddenly  alters  at  two  limits,  viz.,  Zn  |  Hs  8O4  and  Hs  8O4  |  Cu  8O4. 
At  the  former  limit  Zn  is  oxidised  by  reduction  of  Hs,  at  the  latter  Hj  is  oxi- 
dised by  reduction  of  Ou ;  and  in  both  cases  the  change  of  potential  corresponds 
to  the  heat  equivalent.  A  Daniell  may  be  looked  upon  as  made  up  of  two 
elements,  Zn  |  Hs  8O4  (t.«.,  a  8mee),  and  the  element  Hs  Cu  8O4,  so  that 
B  -  8  +  Hs  I  Ou  BO4.    Similarly  in  a  Grove  G  -  8  +  Hs  |  HNOi 


7.  BZHSt— NATUBE  OF  GALVANIC  P0LABI8ATI0N. 

iAimaUn  der  Physih  und  Ch&mie,  B,  XIL,  H.  2,  No.  2, 1881,  pp.  280-290.) 

This  paper  is  a  reply  to  certain  objections  raised  by  Beetz.  The  author's 
experiments  had  led  him  to  the  conclusion  that  the  polarisation  current  was 
caused  by  the  reunion  of  the  ions  separated  at  either  electrode.  He  opposes 
the  view  that  any  metal,  if  it  is  covered  with  a  film  of  a  certain  gas,  has  a 
definite  and  constant  value  of  polarisation.  In  the  case  of  platinum  coated 
with  hydrogen,  for  instance,  the  value  depends  essentially  on  the  way  in  which 
the  hydrogen  is  employed  in  the  voltameter ;  and  different  values  will  be 
obtained  for  the  electro-motive  force  of  polarisation  according  as  the  second 
electrode  is  copper  in  copper  sulphate  solution,  or  silver  in  silver  nitrate.  In 
both  cases  the  hydrogen  reduces  the  metal,  but  the  actions  are  not  thermically 
equivalent.  The  author,  therefore,  considers  it  valueless  to  determine  the 
polarisation  of  one  electrode  without  taking  account  of  the  other.  He  quotes 
from  a  pap^  read  before  the  Vienna  Academy  :^«  The  foregoing  suiHcesalso 
to  characterise  the  methods  so  often  employed  for  the  determination  of  the 
polarisation  in  only  one  gas,  s.^^.,  platinum  in  hydrogen,  in  this,  that  the  oxygen 
is  employed  for  the  oxidation  of  the  second  electrode ;  but  it  is  by  no  means 
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indifferent  what  metal  is  oxidised.**  Beetz  throws  douhts  on  this  law,  and  says 
that  Exner  has  not  proved  it  by  experiment,  while  his  own  experiments  point 
to  the  contrary.  The  author  maintains  that  the  former's  method  was  wrong, 
not  the  law.  The  principle  of  Beetz*s  method  was  shortly  the  following :— The 
primary  current  i>assed  through  a  voltameter  consisting  of  two  vessels  com- 
munioating  by  a  syphon,  each  holding  one  electrode,  A  and  B.  The  vessel 
containing  A  was  also  connected  by  a  syphon  with  a  third,  Z,  in  which  was  an 
amalgamated  zinc  plate  in  sulphate  of  zinc.  To  measure  the  polarisation  of 
plate  A,  it  is  put  to  earth,  and  the  zinc  plate  in  Z  is  joined  to  the  electrometer. 
A  was  always  a  platinum  plate  in  Hs  SO4,  while  B  was  varied,  viz.,  Ft  in  H^  8O4, 
Zn  in  Zn  8O4,  Cu  in  Cu  SO4,  and  Ag  in  Ag  NOs.  The  values  obtained  were 
always  the  same,  and  Beetz  concluded  that  the  polarisation  of  a  platinum  plate 
is  always  the  same  whatever  the  other  electrode  may  be. 

The  author  explains  that  really  in  these  experiments  the  electrode  opposed 
to  the  plate  was  always  the  same,  viz.,  the  zinc  plates  in  the  vessel  Z.  For 
suppose  three  communicating  cells,  Z,  A,  B,  of  which  Z  is  connected  to  the 
electrometer  and  A  to  earth,  then  the  deflection  will  remain  constant,  what- 
ever B  may  be.  What  Beetz  really  measured  was  the  electro-motive  force  of  a 
Smee's  cell.  The  author  had  also  advanced  the  opinion  that  the  positive  pole 
of  a  cell,  so  long  as  it  does  not  undergo  chemical  change,  acts  only  ae  a 
conductor ;  that  thus  in  a  Smee's  cell  it  is  immaterial  if  the  positive  pole  be 
platinum,  copper,  or  silver,  always  provided  that  they  are  free  from  chemical 
action.  Beetz  refutes  this  on  the  contact  theory.  He  found  that  in  Hs  SO4  the 
combination  Zn  —  Ft  -  0*72,  Zn  —  Cu  ->  0-46,  Zn  — Ag  »  0*51 :  the  author,  (m 
the  contrary,  found  Zn  —  Ft  ->  073,*  Zn  —  Cu  -0*78.  He  explains  the  difference 
by  the  fact  that  he  employed  water  treed  from  oxygen,  which  Beetz  did  not  do. 
The  oxygen  dissolved  in  the  water  oxidizes  the  Cu  or  Ag  and  produces  a 
current  opposed  to  that  caused  by  the  oxidation  of  the  zinc.  Beetz  experi- 
mented with  sodium  amalgam,  and  found  Na  —  Ft  —  1*8^  Na  —  Ag  »  1*22, 
Na  —  Cu  ->  1*14,  Na  —  Zn  ->  3*68.  The  diflference  in  the  case  of  zinc  can  be 
explained.  The  firee  oxygen  no  longer  plays  any  part,  since  the  zinc  decomposes 
the  water  and  sets  free  hydrogen.  But  this  decomposition  and  the  simul- 
taneous oxidation  of  the  zinc  sets  up  a  current  opposed  to  that  from  the 
Na  pole.  It  is  the  difference  of  the  two  which  is  measured.  It  is  equal  to 
Na  I  Ft  —  Zn  I  Ft,  or  1-33  —  0  73  -  0-60,  which  agrees  closely  with  the  figure 
obtained  by  Beetz,  0^.  Beetz  does  not  agree  that  there  is  any  oxidation  of 
the  positive  pole,  in  this  case  the  zinc.  He  employed  a  sodium -zinc  cell,  the 
metals  in  separate  vessels,  connected  by  a  syphon,  and  left  the  cell  in  circuit 
through  a  small  resistance  for  17  hours  1  an  amalgamated  zinc  plate  was  also 
left  immersed  in  acidulated  water  for  a  similar  time.  At  the  end  of  the  time 
the  acid  out  of  the  vessel  containing  the  single  zino  plate  was  found  to  contain 
a  considerable  quantity  of  salt,  while  in  the  cell  hardly  a  trace  was  fbund. 
Beetz  concludes  that  "zinc,  when  it  plays  the  part  of  the  negative  metal  in  the 
battery,  is  not  attacked  by  dilute  Hs  8O4."  This  conclusion  is  incorrect.  The 
zinc  is  acted  upon,  and  a  solution  of  Zn  8O4  is  formed,  but  the  opposite  current 
from  the  Na  pole,  which  is  more  powerful  (1'88  to  078),  again  reduces  the 
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oxidised  zinc,  and  ouly  the  overplus  decomposes  the  water.  In  a  Ka  —  Pt 
element  the  current  reduces  hydrogen,  but  in  a  Na  —  Zn  element  zinc:  the 
fonner  work  decreases  the  current  by  34  calories,  the  latter  l^  52;  the 
difference  of  18  calories  per  equivalent  corresponds  to  the  electro-motive  force  of 
a  Smee's  cell.  A  third  point  is  the  course  of  polarisation  in  a  voltameter  when 
the  electro-motive  force  gradually  increases  fh>m  nothing.  The  author  has 
Iftid  down  the  law,  founded  on  experiments,  that  <*  the  force  of  the  polarisation 
at  each  instant  is  equal  to  the  primary  force  so  long  as  this  does  not  reach  a 
point  which  would  occasion  a  continuous  electrolysis ;  as  soon  as  this  limit  is 
reached,  the  force  of  the  polarisation  remains  perfectly  constant,  in  spite  of  the 
farther  increase  of  the  primary  current."  Beeti  says  that  this  had  been 
already  stated  by  himself  and  by  Grova,  and  is  nothing  new. 


W.  BBST8— NOTE  ON  THE  NATUBB  OF  GALVANIC  POLAEIBATION. 

(AnnaXm  der  Phyaih  und  ChemU,  B.  XZ7.,  H.  2.,  No.  2,  1881|i>p.  290-293.) 
The  author  replies  to  Exner's  objections  to  his  method  of  measuring  polari- 
ntion,  as  given  in  the  latter's  paper  in  the  same  number  of  the  Annai&n,  If  two 
plates,  A  and  B,  serve  as  electrodes,  and  then  A  is  put  to  earth,  while  B  is  con- 
nected to  a  neutzal  plate,  Z,  A  and  B  are  always  the  electrodes.  They  are  polar- 
ind  in  the  customary  sense  of  the  word,  and  the  author's  researches  show  that 
B  IB  always  equally  strongly  polarised  by  the  same  current  and  the  same 
electro-motive  force,  let  the  polarisation  of  A  be  what  it  may.  If  Exner  seeks 
the  polarisation  not  between  A  and  B,  but  between  the  electrodes  A  and  Z,  then 
that  is  quite  a  di£ferent  matter.  Exner  says  that,  according  to  the  author's 
experiments,  a  value  of  1*01  Danieil's  results  for  the  diffbrence  of  potential 
between  dean  platinum  and  platinum  polarised  with  oxygen.  The  latter, 
however,  makes  a  distinction  between  a  platinum  plate  polarised  with  oxygen 
sod  one  covered  with  a  film  of  that  gas  in  a  passive  state.  The  author  is  not 
certain  that  the  silver  in  a  Zn  |  Ag  cell  is  oxidised  by  the  oxygen  dissolved  in 
the  water,  and  even  if  this  be  the  case,  Exner's  objection  will  not  hold,  as  the 
author  had  taken  all  precautions  to  free  the  water  employed  in  his  experiments 
from  all  contained  gases.  As  Exner  regards  the  difference  of  potential  Ka  |  Zn 
M  identical  with  the  algebraical  sum  of  the  differences  Na  |  Pt  and  Ft  |  Zn,  so 
the  diflbrence  of  potential  Zn  |  Ag  must  be  regarded  as  identical  with  the  sum 
of  the  diflbrences  Zn  |  Pt  and  Ft  |  Ag,  and  if  the  silver  by  its  oxidation  produces 
a  current,  the  chemical  transformations  and  the  heat  equivalents  must  be 
different  in  the  Zn  |  Ag  cell  and  in  the  Zn  |  Pt,  and  in  that  case,  by  Exner's  own 
showing,  the  negative  plate  of  a  cell  would  be  admitted  to  its  proper  share. 


r.  MKULSB-BBBOB— PBODUCTION  OF  ELECTBICITY  BY 
CONTACT  OF  METALS  AND  GASES. 

{Annaim  d&r  Fhy$ik  wid  Chemie,  B.  JIT.,  H,  2,  No,  2, 1881,  pp.  2984118.) 
Volta  has  shown  the  production  of  electricity  by  contact  of  two  metals^  and 
inbsequent  researches  have  shown  the  same  result  on  contact  of  metals  and 
VOL.  X.  13 
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liqaidfl.  The  author  has  inyestigated  the  remaining  phenomena  of  contact  elee- 
tricity,  viz.,  those  occurring  between  metals  and  gases.  The  eSkcts  observed 
in  the  so-called  gas  batteries  are  not  conclusive^  as  it  is  quite  undetermined 
how  for  the  liquid  in  such  batteries  may  affect  the  results.  The  author's 
experiments  were  made  with  a  condenser  (Fig.  1)  of  two  circular  discs  of 
similar  metal,  15  cm.  in  diameter.  The  lower  plate  (a)  rested  on  three  set 
screws,  and  was  put  to  earth  through  the  gas  pipei  of  the  house.   The  upper  plata 
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(h)  was  screwed  to  a  brass  piece  (c),  which  was  insulated  from  the  brass  lever 
(d)  by  a  ring  of  ebonite.  One  end  of  the  lever  (d)  worked  on  a  hinge  in  the 
brass  pillar  («),  and  to  the  otlier  end  was  attached  a  wire  (/)  which  passed  over 
^he  pulley  (h),  A  set  screw  (t)  regulated  the  distance  between  the  two  plates. 
The  upper  plate  was  connected  to  a  Thomson's  quadrant  electrometer  by  a  wire 
from  c.  The  difference  of  potential  was  not  measured  directly  on  the  electro- 
meter, but  both  plates  were  brought  to  the  same  potential.  Fig.  2  shows  a 
plan  of  the  arrangement. 

D 


A  is  a  Daniell's  cell,  the  poles  of  which  come  to  the  cups  (2  and  5)  of  a  mer- 
cury commutator  (B),  by  means  of  which  2  and  1,  and  6  and  8,  or  2  and  3,  and  5 
1,  can  be  joined  up.  C  is  a  rheostat,  which  contains  a  constant  resistance  of 
2,200  Siemens*  units  between  8  and  Z,  and  a  set  of  resistances  from  0  to  10,000 
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between  I  and  I.  I)  is  a  contact  breaker  with  two  glass  mercnry  caps,  F  the 
condenser,  and  E  the  electrometer.  If  to  is  the  resistance  between  I  and  1,  and 
D  the  difference  of  potential  of  the  poles  of  the  Baniell,  then  at  I  there  win  be  a 

potential  0  -D  a.aOO-MP  ^^^  ^^  "^  ^'  '  ^^^  depend  on  the  position  of  the 
oonnectioni  in  B. 

One  advantage  gained  by  this  method  is  that  the  strengthening  effect  of 
one  plate  of  the  condenser  on  the  other  does  not  so  wia6t  affect  the  result ; 
another  is  the  greater  accuracy  always  obtainable  hy  a  null  method  of  measure- 
ment. Several  sources  of  error  had  to  be  eliminated  from  the  apparatus  as  first 
constructed.  One  arose  from  the  friction  of  the  mercury  against  the  glass  cup 
(nX  when  the  connection  (p)  was  removed  fix>m  J) ;  the  electricity  so  produced  was 
got  rid  of  by  making  the  cups  (m  and  n)  of  iron.  The  points  of  the  connections 
and  the  surfEuse  of  the  mercury  had  also  to  be  kept  very  clean.  The  chief 
source  of  error,  however,  lay  in  the  influence  of  exterior  electrified  bodies.  The 
approach  of  the  hand  or  of  the  clothes  of  the  observer  was  often  sufficient  to 
induce  distinct  charges  on  the  condenser.  To  get  rid  of  this  infiuence,  the  whole 
apparatus  was  enclosed  in  a  metal  case  connected  to  earth.  In  spite  of  all  these 
precautions  a  slight  difference  of  potential  was  observed  between  the  condenser 
plates  of  polished  brass,  electro-gilt,  which  was  not  constant^  but  varied  between 
•t-  001 D  and — 0K)1  P,  and  was  due  to  inappreciable  changes  in  the  surfaces  of 
the  plates.  After  the  difference  of  potential  of  one  plate  had  been  measured 
and  compensated,  it  was  placed  under  the  receiver  of  an  air-pump,  and  the 
plate  left  for  some  time  in  a  vacuum.  It  was  then  always  observed  to  be  more 
posittte  towards  the  second  plate  than  before,  the  greatest  value  of  this  change 
being  0061  D.  It  was  also  found  that^  even  if  the  one  plate  were  placed  under 
the  receiver  without  exhausting  the  air,  the  same  effect  was  produced  1  so  that 
it  could  not  be  determined  how  far  this  was  due  to  the  vacuum  itself  or  the 
▼apour  of  the  grease  used  in  the  air-pump. 

In  order  to  try  the  effect  of  films  of  different  gases,  the  upper  plate  of  the 
condenser  was  laid  on  a  circular  box  of  brass  1  cm.  high,  to  which  it  thus 
fonned  a  lid,  and  into  which  the  gas  was  admitted  by  a  pipe  through  the 
bottom.  In  subsequent  experiments  the  gas  was  made  to  impinge  directly  on 
the  plate  from  a  tube  leading  from  the  apparatus  used  for  its  production.  The 
plate  thus  coated  with  a  film  of  gas  was  then  opposed  to  the  lower  one  which 
had  been  in  air.  When  covered  with  a  film  of  ozone,  platinum  and  brass  were 
both  negative  to  a  similar  plate  in  air.  With  hydrogen,  idatinum  was  strongly 
positive^  gold  showed  no  effect,  and  brass  was  of  different  sign  in  different  ex- 
periments. Chlorine  made  platinum  appear  more  negative,  while  ammonia 
increased  the  positive  charge  of  brass.  The  values  for  the  difference  of  potential 
were  very  tmequal,  even  with  similar  treatment  of  the  plates,  in  different 
observations  of  the  same  series.  The  greatest  obserred  diflSerence  was  when 
one  plate  had  a  film  of  hydrogen  and  the  other  of  air,  and  was  =s  0*214  D.  In 
sll  experiments  the  difference  of  potential  decreased,  and  approached  the  value 
it  had  before  the  gas  had  begun  to  act^  though  it  rarely  went  lower.  From  thi  s 
follows  that  changes  of  the  gaseous  films  covering  metals  have  considerable 
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influence  on  their  potential.  The  film  of  gas,  in  fiaoty  acts  like  a  very  thin  dise 
of  a  diflbrent  metal,  and  if  one  of  two  similar  condenser  plates  is  covered  with 
a  more  strongly  positive  gas  than  the  other,  the  former  mnst  comport  itself 
towards  the  second  as  a  more  electro-positive  metaL  The  gradual  decrease  of 
the  difiference  of  potential  of  two  plates,  one  covered  with  a  film  of  a  gas,  and  the 
other  with  air,  is  due  to  the  gradual  disappearan(^e  of  the  gaseous  film,  and  it 
remains  to  he  seen  whether  this  occurs  by  difihsion  or  by  a  chemical  process. 
In  the  former  case  a  difference  would  arise  according  as  the  gas  ditfased 
charged  with  electricity,  or  in  a  neutral  state. 

The  author  modified  his  previous  arrangement  by  introducing  the  commuta- 
tor (H),  by  means  of  which  the  quadrants  (I)  could  be  kept  at  a  constant  potential, 
while  the  plate  was  insulated;  p  was  removed  from  m,  while  r  was  connected 
with  i  through  u.  If  the  connection  (n)  was  then  reversed,  any  alteration  of 
potential  of  the  plate  was  rendered  evident  by  a  deflection  of  the  needle.  This 
happened  when  the  plate  was  covered  only  with  air,  which  was  probably  due  to 
the  dust  floating  in  it.  The  author  obtained  a  curious  result  if  the  upper  plate 
was  covered  with  a  gas,  the  lower  being  covered  with  air,  and  the  potential  of 
the  former  being  so  adjusted  that  its  removal  fh>m  the  second  plate  produced 
no  change.  If  the  upper  plate  was  insulated  fi>r  some  minutes,  and  after  being 
brought  again  near  the  lower  one,  was  connected  to  the  electrometer  quadrants 
(I),  which  meantime  had  been  kept  at  a  constant  potential,  a  positive  deflecUon 
was  at  first  obtained,  if  the  upper  plate  in  consequence  of  its  gaseous  film  was 
electro-positive  to  the  lower— negative  in  the  contrary  case.  But  i^  then,  the 
upper  plate  was  removed  fh)m  the  lower,  the  increase  of  deflection,  which  was 
to  be  expected,  was  never  obtained.  In  most  observations  a  deflection  occurred 
in  the  opposite  direction,  while  in  some  the  needle  remained  at  rest.  The 
following  table  shows  some  experiments  with  bromine  vapour.  Oolumn  I. 
gives  the  difiierence  of  potential  of  the  two  clean  platinum  plates;  n.,wheD 
the  upper  was  covered  with  the  vapour ;  in  in.  are  the  deflections  when  the 
upper  plate  is  again  connected  with  the  electrometer  after  Ave  minutes  in- 
sulation ;  in  IV.  the  deflections  when  the  upper  plate  is  removed  from  the 
lower;  while  V.  is  the  difi'erence  of  potential  between  the  two  plates  at  the  end 
of  the  experiment : — 


I. 

n. 

in. 

IV. 

V. 

0000  D 

—  0-2071) 

—  1 

+  1 

—  0-228  D 

+  0-007  D 

—  0-186  D 

—  1-1 

+  1-9 

—  0-UlD 

0-000  D 

—  0-150  D 

—  1-5 

+  2-2 

—  0-109  D 

—  0<)05D 

—  0-214  D 

—  1-7 

+  1-6 

—  0-168 1> 

Analogous  results  must  follow  if  the  lower  plate  wliich  is  to  earth  is  covered 
witli  a  film  of  the  gas  as  shown  in  the  second  table :— 
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I. 

n. 

m. 

IV. 

V. 

+  (H)06D 

+  0-179  D 

+  1-7 

—  1 

+  0184  D 

+  (H)09D 

+  0-221  D 

+  27 

—  2 

+  0-164  D 

—  OOllD 

+  0-221  D 

+  2-2 

—  1-7 

+  0-170  D 

^OOllD 

+  0-241  D 

+  21 

-1-6 

+  0-176  D 

The  anthor  then  proceeds  to  deal  with  Ezner's  paper  on  the  contact  of 
dissimilar  metals,  an  abstract  of  which  was  given  in  the  Jowr,  8oe,  Tel.  Eng.t 
Vol  EL,  Ko.  84, 1881,  p.  462.  Exner  considers  that  De  la  Bive's  experiments 
oonclosiyely  show  that  no  electricity  is  produced  by  contact  of  two  hetero- 
geneous metals,  if  they  are  in  a  chemically  inactive  medium.  The  author 
shows  that  there  were  many  sources  of  error  in  tliis  experiment^  principally 
doe  to  the  way  in  which  the  connections  were  made,  the  diiference  of  potential 
of  the  various  points  of  contact  not  being  taken  into  account.  With  reference 
to  the  value  ^^  ^t  down  by  Exner  for  the  diiference  of  potential  between 
Zu  I  Pt^  where  B  is  the  heat  of  combustion  of  Zn,  and  A  the  heat  value  of  a 
Biaiell'S  cell,  the  anthor  shows  that  it  should  be  ^.  Exner's  numbers  obtained 
by  experiment  agree  very  well  with  those  calculated  from  the  former  value ; 
bat  they  do  not  agree  with  those  obtained  by  other  experimenters,  as  the 
anthor  shows  by  the  following  table,  in  which  Zn  |  Cu  is  taken  -100  ^— 

Clifton. 
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12 

The  author  goes  on  to  state  that  another  explanation  must  be  found  for 
Oner's  experiment  described  at  the  end  of  the  above-mentioned  abstract  in 
the  Journal ;  and  he  describes  some  experiments  of  his  own.  A  platinum  wire 
was  connected  to  an  electrometer  and  a  strip  of  silver  to  earth,  the  other  ends 
of  the  two  metals  being  brought  into  lig)it  contact  in  an  empty  glass  tul>e, 
when  no  effect  WH8  observed  on  the  electrometer.  A  little  bromine  was  then 
poured  into  the  tube.  At  first  the  needle  remained  at  rest,  but  as  soon  as  the 
vapour  from  the  bromine  had  reached  the  point  of  contact  of  the  two  metals,  a 
strong  deflection  was  observed,  which  soon  reached  a  maximum.  That  the 
presence  of  the  bromine  vapour  bet>veen  the  two  metals  was  essential  wa^ 
proved  by  connecting  them  directly  by  a  binding  screw,  when  there  was  no 
deflection.  In  the  case  mentioned  the  deflection  was  positive,  but  negative  if 
the  platinum  was  to  earth  and  the  silver  joined  to  the  electrometer.  With  the 
vaponr  the  mean  difference  of  potential  from  sixteen  determinations  with 


Exner. 

Uankel. 

Kohlrausob. 

Zn  |Pt 

171 

123 

123 

Cu  |Pt 

71 

28 

28 

Fe  |Pt 

137        . 

39 

— 

AgjPt 

16        ...            h 

14 

Zn  1  Fe 

84 

84 

— 

Zu|Ag 

155 

118 

100 

Fe|Cu 

66 

16 

— 
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alternately  reversed  connections  was  =^  0*989  Dj  when  the  two  metals  touched 
in  liquid  bromine  &&•  0*93  D  from  six  readings,  and  when  they  were  immersed 
without  touching  ^  0-942  D.  With  chlorine  similar  results  were  obtained,  and 
the  platinum  wai  always  positive  to  the  silver.  Chlorine  evolved  from  binozide 
of  manganese  and  hydrochloric  acid  gave  a  mean  value  of  0*999  D  for  the 
potential;  from  bichromate  of  potassium  and  hydrochloric  acid,  1*007  D. 
These  experiments  do  not  explain  Ezner's  results  •  for  if  the  difference  of 
potential,  which  Exner  observed  between  the  two  silver  plates,  was  caused  by 
the  action  of  chlorine  on  the  point  of  contact  of  the  platinum  and  the  silver, 
the  upper  plate  should  have  been  positive  to  the  lower  one,  whereas  Exner 
found  it  to  be  negative.  Other  experiments  of  Exner's  the  author  considers 
to  be  inconclusive,  owing  to  fanltiness  of  method  and  non-elimination  of  sources 
of  error. 


1 


r  Mcamjot-BEMAB  yoxE  on  exnee's  papi^  «on  the 

THEOBY  OP  VOLTA'S  FUNDAMENTAL  EXPEBIMENTB." 

(AfmaUn  der  Phyiik  und  Chemie,  B,  XIL,  H.  2,  No.  2, 1881,  pp.  319-320.) 

Exner  is  of  opinion  that  if  the  aluminium  needle  of  an  electrometer  and 
an  insulated  copper  plate  are  both  put  to  earth,  and  afterwards  joined  hy  a 
metallic  conductor,  a  difference  of  potential  is  caused  in  the  needle,  and  con- 
sequently a  deflection.  The  author  shows  that  if  E  is  the  potential  of  the 
earth,  which  is  nil,  then  when  needle  and  plate  are  to  earth  we  have  the 
potentials  Al  |  E  and  Cu  |  E  respectively,  and  their  difference  will  be  Al  |  Cu. 
This  is  just  the  same  difference  of  potential  as  will  be  found  if  the  needle  and 
plate  are  joined  by  a  metallic  conductor.  The  remaining  at  rest  of  the  needle 
is  thus  no  proof  against  the  contact  theory.  It  is  also  clear  that  the  deflection 
of  a  needle  which  is  put  to  earth,  when  an  E.M.F.  is  shunted  into  its  circuit, 
corresponds  only  to  the  change  produced  in  its  potential,  and  not  to  the  total 
value  of  this  latter.  Thus,  if  the  potential  in  the  first  case  is  Al  |  E,  then  if 
the  current  from  a  Daniell  is  introduced,  the  deflection  corresponds  to  the 

di£BBf^ice 

Al,|  Ou  +  Ou  I  P  +  P  I  Zn  4.  Zn  j  E  —  Al  I  E, 

which  equals 

Zn  I  Cu  +  Cu  I  P  +  F  I  Zn, 

and  not 

E  I  Zn  ^-  Zn  I  P  +  P  I  Cu  +  Cu  I  Al, 

as  Exner  assumes.  Exner  found  no  appreciable  difference  of  potential  between 
the  iron  gas-pipes  and  the  lead  water-pipes  of  his  laboratory,  while  the  author 
in  his  case  found  a  value  of  0-00026  Dauiell'H,  which  Exner  has  left  out  of 
account  in  his  measurements. 
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The  Hundredth  Ordinary  General  Meeting  of  the  Society  was  held 
on  Thursday  evening,  April  28th,  1881,  at  the  Institution  of 
Civil  Engineers,  25,  Qreat  George  Street,  Westminster,  S.W. 
— Mr.  Latimsb  Clabe,  M.  Inst.  C.E.  (Past  President),  in  the 
Chair. 

The  Sbobbtaby  having  read  the  Minutes  of  the  previous 
meeting,  which  were  ooniirmed,  and  the  names  of  new  candidates 
having  been  announced, 

Mr.  Latimbb  Clask  said  that  it  was  proposed  to  resume  the 
discussion  upon  Mr.  Lane  Fox  Pittas  paper  "  On  the  Application  of 
£lectricity  to  Lighting  and  Heating,  and  for  Domestic  and  other 


Capt  M.  T.  Sale,  C.M.G.,  R.E. :  I  wish  to  say  one  word,  Mr. 
President,  with  regard  to  the  question  of  cost.  Mr.  Lane  Fox 
deprecated  any  comparison  with  gas,  but,  nevertheless,  he  did,  at 
the  end  of  his  pai>er,  make  a  certain  comparison.  If  I  understood 
him  aright,  he  based  his  estimate  of  the  cost  of  a  160  candle-power 
electric  light  on  that  of  the  coal  necessary  to  produce  one  horse- 
power  of  force,  and  then  compared  that  with  the  cost  of  gas 
delivered  at  the  spot,  assuming  5  cubic  feet  to  be  necessary  to 
produce  a  16  candle-power  light  Now,  without  venturing  to 
question  the  relative  cheapness  of  the  lights,  I  would  point  out  that 
that  is  an  entirely  misleading  comparison.  In  the  first  place,  Mr. 
VOL  X.  14 
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Lane  Fox  takes  the  price  of  gas  as  delivered  at  the  spot.  That  is 
more  than  doable  that  of  the  coal  required  for  its  production. 
Then,  again,  he  has  taken  16  candle-power  as  requiring  5  cubic 
feet  of  gas :  this  is  not  fair  on  the  gag.  .He  ought  to  have  taken 
100  candle-power  as  requiring  23  cubic  feet  of  gas — a  very  di£ferent 
proportion.  That  is  the  rate  taken  by  Mr.  Alexander  Siemens  in 
his  paper,  and  is  much  iair^r..  Theu^  ..<^in,  he  is  still  more 
erroneous  when,  as  I  understand  him,  he  supposes  Uiat  the  price 
of  coal  required  to  produce  one  boiBe^'power  would  be  all  that  is 
required  to  produce  this  160  candle-power  electric  light :  that  is 
of  course  entirely  incorrect,  as  the  actual  cost  of  the  coal  consumed 
would  be  but  one  item  only,  and  that  by  no  means  the  largest,  of 
the  expenses  of  production.  I  should  say  that  the  total  cost  would 
be  at  least  four  times  that  of  the  coal  burnt  I  mention  this  to 
elicit  some  further  explanation,  and  in  order  that  Mr.  Lane  Fox's 
estimate  of  cost,  which  appears  to  me  so  misloadiog,  should  not 
pass  quite  unchallenged. 

Mr.  J.  N.  Shoolbrkd  remarked  that  the  paper  was  one  that 
dealt  rather  with  the  future  of  electric  lighting  on  a  large  whole- 
sale  extended  scale  (to  which  Uie  question  was  rapidly  approaching), 
than  with  the  present  experimental  stage,  out  of  which  it  wafr 
successfully  emerging.  A  large  number  of  very  important  ques- 
tions, which  would  have  before  long  to  be  faced,  were  raised  by 
the  paper,  and  much  credit  and  many  thanks  were  due  to  Mr. 
Lane  Fox  Pitt  for  doing  so  now.  Larger  generating  machines 
to  meet  the  greatly  increased  demand;  a  very  much  greats 
number  of  lights  on  each  circuit  than  at  pres^it  in  use ;  the  best 
arrangement  of  these  circuits  and  sub-circuits  in  their  different 
ramifications ;  the  capacity  and  length  of  the  conducting  wires ;  and 
the  regulation  of  the  electrical  pressure  in  the  mains  to  suit  the 
different  lamps,  and  the  various  conditions  under  which  actual 
illumination  took  place — these  and  other  questions,  all  of  great 
moment  and  importance,  were  raised  by  the  paper.  They  all  im- 
peratively require,  and  must,  indeed,  each  receive  its  solution,  if 
illumination  by  electricity  is  to  make  the  progress  which  seems 
now  opening  to  it.    But  though  many  thoughtful  minds  were  ail 
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work  at  them,  time  and  patieot  researoh  were  required  for  ttifiir 
satisfactory  solution. 

Of  all  these  questions,  that  which  at  the  present:. moxpent 
seemed  to  be  the  most  pressing  concerned  the  conducting  cables* 
All  connected  mih  the  establishment  of  electric  lighting  knew  how 
serious  an  item  of  cost  the  present  system,  of  single-Ught  circuits 
eq>ecially,  was  becoming,  with  the  complete,  oirouit  of  separate 
cable  to  each.  If  common  returns  and .  earth  circuits  (such  as  gas 
and  water  pipes)  could  be  used  successfully,  a  great  saving  in  ooet 
would  be  effected.  It  was  understood,  that  expedients  of  this 
nature  had  lately  been  made  use  of  wii&  guccess;  and  be  CQii. 
sidered  that;  if  some  of  the  laige  manufacturers  of .  electrical 
apparatus  which  had  done  so,  such  as  Messrs.  Siemens,  th^  QrUiab 
Electric  Light  Company,  and  the  Brush  Anglo-American  Mectric 
Light  Company,  would  narrate  their  experiences  on  this  head,  it 
would  prove  of  value  towards  an  advance  in  the  question.  Another 
point  of  great  importance  raised  by  the.  paper,  and  an  ingenious 
solution  suggested,  was  the  regulation  of  tbo  current,  so  as  to 
preserve  an  uniform  pressure,  or  eleotro-motiye  force,  in  the  mains 
and  at  the  various  lights,  under  the  ever  varying  conditions 
arising  during  the  hours  of  illumination.  This  regulation  was 
a  comparatively  easy  matter  with  the  incandescent  vacuum  lights 
treated  of  by  Mr.  Lane  Fox  Pitt,  which  will  work  with  almost  any 
machine.  But  with  the  larger  arc-lights  (which,  in  the  speaker's 
opinion,  would  not  be  superseded  for  some  time  at  least,  on 
account  of  their  considerable  economy  in  the  expenditure  of 
mechanical  energy  required  over  the  incandescent  lights)  the 
matter  was  much  more  difficult.  At  present,  almost  each  arc-light 
required  a  particular  construction  of  machine.  Continuous  and 
altematmg  current  lights,  Siemens,  Gramme,  Lontin^  Brush, 
Werdermann  lights,  and  Jablochkoff  candles,  and  many  others, 
all  were  in  use,  each  varying  in  its  resistance  to  the  current^  and 
requiring  it  to  have  a  different  degree  of  tensioo.  At  present,  in 
the  small  installations  now  being  made,  each  form  of  burner 
received  its  due  consideration  by  having  its  own  particular  machine 
and  circuit,  as  best  suited  to  it.  But  in  the  future,  say,  in  the 
illumination  of  a  large  town  or  district,  where  the  generating 
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machines  would  be  at  some  distance,  to  attempt  to  lay  a  series  of 
cables  to  suit  each  light,  according  as  it  might  happen  to  be  asked 
lor,  would  simply  become  an  intolerable  burden  of  unnecessary 
expense. 

One  particular  form  of  machine,  therefore,  needed  to  be  devised^ 
producing  a  common  current,  having  properties  suited  to  large 
lights  and  to  small ;  and  all  the  burners  or  lamps,  of  whatever 
intensity,  must  be  made  to  work  with  this  currmt :  all  £Bdling  to 
do  so  would,  of  course,  become  useless  and  obsolete.  That  this 
condition  will  be  arrived  at  is  certain  ;  but  whether  to-morrow,  or 
in  one  or  two  yeais'  time,  remains  in  doubt  '^  Necessity  is  the 
mother  of  invention,"  and  this  may,  and  probably  will,  bring  about 
the  desired  solution. 

Another  subject  treated  of  in  the  paper,  and  which  in  the 
future  will  be  of  much  moment,  is  the  suitable  subdivision  of  the 
electric  current  in  the  various  ramifications  which  domestic 
illumination  necessitates.  The  subject  is  one  about  which  many 
misstatements  are  constantly  being  made:  an  increase  in  the 
number  of  lights  in  series  in  a  single  circuit  being  confounded 
with  the  real  subdivision  due  to  two  or  more  parallel  circuits,  or 
branches,  being  formed  out  of  the  single  or  trunk  circuit.  Each 
day  shows  that  the  loss  entailed  by  subdivision,  or  by  multiplication 
of  the  light  centres,  is  very  much  less  than  was  at  first  supposed. 
Indeed,  the  increased  area  illuminated  by  means  of  an  augmented 
number  of  light  centres  of  moderate  intensity,  over  that  lit  by  a 
few  centres  of  considerable  intensity,  generally  more  than  com- 
pensates  for  any  theoretical  loss  in  amount  of  light  produced. 

As  the  question  of  the  amount  of  coal  consumed  in  steam- 
engines  is  mentioned  in  the  paper,  and  has  occasioned  a  good  deal 
of  interest,  it  may  perhaps  be  well  to  remind  the  Society  that 
probably  the  two  most  valuable  collections  of  information  on  this 
head,  as  to  actual  performance,  are  contained,  the  one  in  Mr.  F.  J. 
BramwelPs  paper  ''On  the  Economy  of  Fuel  in  Steam  Naviga. 
tion,  &c,"  read  before  the  Institution  of  Mechanical  Engineers;* 


•  See  Proceedingi  of  ImUtuiUm  <^  MeehanicaX  Engineers,  Liverpool  Meeting, 
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and  treating  of  the  performance  of  nineteen  large  ocean  steam, 
ships  on  long  voyages,  all  fitted  with  engines  on  the  compound 
principle.  The  other  in  the  Beport  to  the  Royal  Agricultural 
Society  of  the  trials  of  the  portable  engines  at  the  Cardiff  meeting 
in  1872,  presented  by  the  judges,  Mr.  F.  I.  Bramwell  and  Mr.  W. 
Meuelaus.*  Here  twelve  of  the  best  known  makers  competed, 
all  with  engines  of  the  portable  type,  and  using  high  pressure 
steam  only.  This  class  of  engine  has  been  so  far  much  used  for 
electric  lighting  purposes,  on  account  of  size,  handiness,  and  of 
the  very  sensitive  governing  gear  with  which  it  is  almost  always 
fitted)  and  is  therefore  especially  suited  for  use  with  electric  light 
machines.  Wiih  the  compound  engines  giving  off  from  each  800 
to  2,500  indicated  horse-power,  the  average  consumption  of  oool 
was  found  to  be  1*70  lbs.  per  indicated  horse-power  per  hour; 
while  with  the  agricultural  portable  engines,  all  of  them  of  8  horse- 
power  nominal,  the  average  consumption  was  4*02  lbs.  per  indi. 
cated  horse-power  per  hour,  and  this  the  result  of  picked  experi- 
ments at  a  show-yard,  and  not  of  actual  everyday  work  (where 
6  lbs.  would  be  nearer  the  average).  This  shows  clearly  the 
advantage  of  working  on  a  large  scale,  and  with  all  the  moot 
recent  improvements  of  compound  action,  and  of  using  condensa^ 
tion — economies  which  therefore  await  electric  lighting  when  it 
arrives  at  the  degree  of  wholesale  production  contemplated  by 
Mr.  Lane  Fox  Pitt,  in  his  paper. 

Mr.  Alexander  Siemens  :  I  had  not  the  pleasure  of  being 
present  when  Mr.  Fox  Pitt  gave  his  paper,  and  I  may  perhaps 
misunderstand  it  to  a  certain  extent,  but,  as  far  as  I  can  see  from 
a  hasty  glance,  I  disagree  with  nearly  every  word  of  it. 

Mr.  Fox  Pitt  commences  by  saying  that  "the  subject 
which  I  am  about  to  enter  upon  this  evening  has  been  the  cause  of 
considerable  difference  of  opinion  among  practical  minds,  and,  I  am 
sorry  to  say,  also  of  considerable  antagonism." 

Well,  I  think  that  is  just  the  thing  we  want.  We  do  not  want 
a  monopoly  for  one  system  of  lighting,  as  being  the  only  one,  but 

•  See  Proeeedings  of  Royal  AgrieuXiural  Society,  Cardiff  Meeting,  Vol.  TY-^ 
1873. 


VH  mSOUSBIOK  ON  HB.  VOX  PITT«  PAPBB.       [April  SStfa,: 

W6.  want  a  solid  oompftiition,  bo  that  eyerybody  is  kept  to  tto: 
maik  ;  and  therefcre  I  tfai&k  it  is  a  yevy  good  tlung- that  itbere  are 
fimr  or  fire  different  ajstems  of  liglitaog  vhich  have  to  uige  each 
other  on. 

Then  ibe  title  of  the  paper  is  '*  Lighting  and  Heating/' 
but  I  find  no  reference  to  heoldng  At  all,  except  at  the  end^  which 
sajn,  ^^  From  this  basie  I  bare  oalcnlated  that  power  would  noi 
coat  so  much  as  one  feffthing  ah  hour  per  horse-power,  and  that» 
diesafere>  even  for  heating  purposes,  eleotrtcitjr  would  compare 
fiurovirably  with  gas.''    I  do  not  und^^tand  that. 

His  explanation  of  ihe.  theory  of  electricity  aad  ata  diffiision 
is  more  mysterious  than  ever.  The  usual  theory  of  ejeotridty 
fawng  a  form  ci  motioiiy  which  can  be  calculated  out  mathe. 
madoally,  and  by  which  all  the  laws  of  electricity  can  be  deducted^ 
is  Tory  clear,  and  accounts  for  all  the  {acta. 

I  do  not  want  to  go  through  all  the  points,  but  with  regard 
to  what  Mr.  Shoolbred  said  just  now,  that  it  was  very  desurable  to 
put  some  facts  before  the  meeting  about  the  supply  of  eleoUio 
lights,  I  think  that  Messrs.  Siemens  would  be  prepared  to  under, 
take  lighting  a  large  district,  and  distribute  the  electric  light  to 
heuaes — ^to  light  the  streets  with  arc  lamps,  and  the  houses  with 
incandescent  lights  of  some  kind,  the  Joel,  Fox,  Swan,  or  any  other 
lamp.  I  am  sure  that  a  detailed  plan  could  be  at  once  prepared 
if  Messrs.  Siemens  received  an  order  for  lighting  a  district ;  but  it 
would  be  of  little  value  to  lay  before  the  meeting  a  plan  for 
lightix^  an  imaginary  district  The  station  which  Messrs.  Siemens 
have  established  in  the  CSity  we  intended  to  ccmnect  with  the 
different  shops  in  the  streets,  and  let  the  people  have  lamps  which 
they  could  turn  on  and  off  as  they  please.  There  would  have  been 
no  difficulty  in  making  the  arrangements :  it  is  only  the  physical 
impossibility  of  putting  more  machines  into  the  present  warehouse 
which  prevented  the  execution  of  the  plan.  Any  electrician  can 
make  the  subdivision  of  the  light,  either  by  connecting  in  parallel 
affc  or  in  series  with  incandescent  or  arc  lamps,  such  arc  lamps 
being  regulated  on  the  differential  principle. 

In  answer  to  Mr.  Shoolbred,  there  is  no  difficulty  whatever  in 
using  the  earth  for  a  return  wire,  provided  that,  as  in  the  case  of 
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wodciig  telegraphs,  gni«t  <iaTe!ur  tftken  that  thereos  itftlly  a'  goodi 
•aitb  eoDxteetiont^ai  'the  mat^ine  and  a^  the  lamp^  ndthat  not 
toa  great  a  iBsittanoe  is  put.  in  the  cirmiit  With  thtm  pMCau^ 
lioii8.tha  earth  can  be  used  very  well,  uul  Las  in  maay  cases  been 
aeed* 

;Mr.  Sliocdbred  thinks  thatopimons  have  changed  in  reepeot  te^^ 
Ibeioss  of  light  by  subdiTiston,  by  putting  sev^al  arc  lights  iotor 
continBOiis  current.  I  will  take  an  example  irom  the  Bmsh 
system.  A  I6.1ight  machine,  when  giving  16  single  lights  of 
nominally  3,000  candle-power  each,  produces  altogether  an  iUumi- 
natioQ  equal  to^  S2,000  candles.  When,  howeTer,>  the/ coils  are 
oonneoted  up  and  put  into  one  light,  the  power  giTen  is  equal  ta 
Qominally  50,000  candles*  These  figures  show  that  the  proportion 
will  be  26*16  m  represrating  the  inerease  «f  light  whra  the  total 
Gorrent  is  used  in  one  lamp,  compared  with  when  it  is  diyided. 

It  is  generally  believed  (though  I  do  not  know  whether  the 
epinJOQ  has  been  expressed  dufing  the  discussion)  that  one  system 
— for  instance,  the  Siemens  system — is  only  suitable  for  single  light 
raacfainee,  and  other  systems  better  suitable  for  producing  several 
ligfatein  one  circuit ;  but  that  is  not  at  all  the  ease*  Machines  can 
be  constructed  according  to  any  system,  whether  the  Siemens, 
Brush,  Oramma,  or  ^iij  other,  to  work  a  series  of  lamps  in  one 
circuit,  or  ar  ringle  lamp }  it  is  a  mere  matter  of  larrangement, 
which  has  nothing  to  do  with  the  particular  syst^n  or  the  principle 
en  which  the  machine  works,  but  is  simply  a  question  of  arranging 
the  wire  on  the  machine  so  as  to  gi?e  more  electro^motive  force. 

I  should  like  Mr.  Fox  Pitt,  if  he  does  not  conader  it  too  much 
tceuUei  to  give  us  an  explanation  of  the  table  he  has  presented, 
beeaase  I  am  imable  to  understand  it  at  alL 

Hen  he  says,  near  the  end  of  the  paper,  "  It  has  often  been 
afgned  that  electricity  cannot  be  stoned  like  gas ;  but  it  should  be 
remembered  that  electricity  is  not  a  fuel  like  gas,  and  that  energy 
can  be  stored  potentially  in  many  practical  ways,  and  that  potent 
tial  energy  can  be  readily  converted  at  any  time  into^a  kinetic 
form." 

I  think  he  might  have  said  it  a  little  less  scientifically ;  ha 
might  have  said,   "  The  steam-engine  which  is  to  drive  the 
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electrical  machiDes  can  be  kept  with  banked  fires ;"  and  I  may 
mention  that  in  that  manner  the  electric  light  apparatus  at  the 
BritiBh  Museum  has  been  worked  during  the  last  two  winters. 
The  fire  was  made,  and  a  certain  amount  of  steam  got  up  in  the 
morning,  then  the  fires  were  banked,  so  that  when  fogs  came  on 
suddenly  it  was  possible  to  raise  steam  in  about  ten  minutee: 
thus  the  light  was  always  ready  when  wanted,  and  that  is  the  way 
in  vrhich,  the  objections  could  be  met  that  electricity  cannot  be 
stored. 

Mr.  H.  C.  Donovan  :  May  I  be  allowed  to  ask  Mr.  Lane  Fox 
a  question.  I  have  read  several  descriptions  of  Mr.  Ediscm's 
vacuum  light  in  different  scientific  papers,  and  I  was  present 
when  Mr.  Swan  read  his  paper  before  this  Society  on  his  light, 
and  I  am  rather  anxious  to  know  (if  the  question  be  in  ord^) 
in  what  respect  the  light  of  Mr.  Fox  Pitt  differs  from  that  of 
Mr.  Swan.  As  he  has  christened  his  light  the  Lane  Fox  light, 
and  Mr.  Swan  has  christened  his  the  Swan  light,  I  am  anxious  to 
know  in  what  way  one  differs  from  the  other. 

Mr.  C.  F.  Tablet,  F.B.S.,  Mem.  Inst  C.E. :  I  was  not  here 
when  the  paper  was  read,  but,  in  looking  over  a  printed 
copy  of  it,  I  have  met  with  one  or  two  remarks  on  the  part  of 
Mr.  Lane  Fox  Pitt  which  I  think  require  a  little  notice  from  some 
member  of  the  society.  Mr.  Fox  Pitt  describes  his  view  of  elec- 
tricity as  that  of  an  elastic  fluid »  capable  of  being  expanded  and 
diffused  ad  li^v/m,  I  will  quote  his  own  words.  He  says  : 
'^  .  .  .  I  conceive  it  as  an  extraordinarily  attenuated  form  of 
matter,  capable  of  diffiising  and  expanding  itself  in  certain  bodies 
to  an  indefinite  extent — a  fluid  capable  of  being  compressed  by 
the  application  of  force.*'  Now  the  late  Dr.  Michael  Faraday 
examined  this  question  very  thoroughly,  and  his  experiment  cannot 
be  too  often  kept  before  our  eyes,  in  order  that  we  may  see  how 
thoroughly  incompressible  electricity  is.  Faraday's  experiment, 
which  I  will  sketch  on  the  board,  was  carried  out  at  a  time  when, 
electrometers  of  great  sensibility  did  not  exist.  His  experiment 
consisted  of  an  insulated  metal  vessel  (on  a  glass  stand)  into  which 
he  placed  an  insulated  bass  ball  suq>ended  by  means  of  a  silk  cord. 
The  metal  vessel  was  connected  to  a  gold  leaf  electrometer.    On 
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charging  the  ball  with  positive  or  negative  electricity,  and  sns. 
pending  it  inside  the  jar,  without  contact  therewith,  the  inductive 
action  of  that  ball  upon  the  vessel  caused  the  gold  leaves  to  sepa« 
rate.  If  the  ball  were  charged  with  positive  electricity,  the  gold 
leaves  opened  with  positive  electricity.  If,  when  that  was  the 
case,  the  vessel  were  discharged,  and  the  ball  removed  without 
being  allowed  to  touch  the  vessel,  the  gold  leaves  opened  with 
negative  electricity.  But  the  important  point  of  this  experiment 
was  that,  when  the  ball  was  lowered  so  as  to  touch  the  vessel,  the 
whole  of  the  electricity  from  the  ball  escaped  to  the  outer  vessel, 
and  on  removing  the  ball  and  testing  it,  it  was  found  to  be 
entirely  free  from  electricity.  I  have  repeated  this  experiment 
with  an  electrometer  capable  of  showing  a  potential  of  much 
less  than  one  volt,  and  I  have  charged  the  vessel  and  the  ball 
up  to  exactly  50,000  elements  of  Daniell's  battery;  therefore, 
had  the  electricity  been  capable  of  being  compressed  one  in 
fifty  thousand,  when  that  ball  was  removed,  after  first  touching 
the  inside  of  the  vessel,  there  would  have  been  electricity  enough 
upon  it  to  have  shown  itself  upon  the  electrometer.  That  ex. 
periment  shows  clearly  that  electricity,  whatever  it  be, — whether 
it  he  a  fluid;  or  whether  it  be  a  form  of  motion — is  incompressible 
within  these  limits.  With  regard  to  the  nature  of  electricity,  I 
am  not  prepared  to  agree  with  Maxwell  that  it  is  a  mode  or  form 
of  motion ;  but,  treating  it  as  a  fluid,  it  is  less  compressible  than 
water.  Some  time  ago  a  rather  warm  discussion  took  place  in  the 
Engineer  owing  to  several  telegraph  engineers  of  note  describing 
electricity  as  a  form  of  force.  Now  one  thing  we  are  certain  about, 
and  that  is,  that  electricity  is  a  vehicle  of  force,  just  as  the  water 
in  the  hydraulic  press  is  not  a  mode  of  force  or  motion,  but  simply 
a  vehicle  of  force ;  and,  so  far  as  I  can  see,  there  is  not  in  the 
whole  of  our  experience  the  slightest  indication  that  we  can  add  to 
or  take  from  the  quantity  of  electricity  in  any  body.  We  cannot 
compress  an  atom  of  electricity  into  a  body,  and  we  cannot  abstract 
from  that  body  any  of  its  electricity.  There  is  no  such  thing  yet 
known  as  latent  electricity,  but  latent  force  and  latent  heat  are 
found  everywhere. 

With  regard  to  the  table,  I  must  confess,  like  Mr.  A.  Siemens, 
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A«i^  I  do  Mi  ^mdetslaod il.  In  faig  papw ,  Mr.  Eox  Pitt  sajrs :  *'  1% 
aboold  inentioD  that  the  reuatanoe  of  a  carbon  filament  is  abovit  44 
par  ceot.  leas  while  in  a  state  of  incandesoenoe  tlian  isbeo.  oold."*- 
Now  I  really  should  be  very  glad  if  Mr.  Fox  Pitt  would  give  na 
some  information  upon  that  subject,  because  the  table  aeems  to^ 
indicate  the  very  reverse,  and,  if  I  undetstand  the  table  aright 
(b^  I  do  not  think  I  do),  I  would  like  to  know  how,  in  a  matter 
of.  ibis  kind,  involving  muoh  difficulty,  be  can  i»eteiMl  to  be* 
aocurate  to  the  ./{«;e  places  of  figures  he  has  given  in  his  tabb,  for 
X  know  from  experience  that,  even  in  the  measurement  c^  tbe 
vesistance  of  a  coil  of  wire,  it  is  extremely  difficult  to  be  certain  to* 
1  in  100,000. 

,Mr..  B.  £L  Cbohptok:  Mr.  President,— As  most  of  you  are 
aware,  I  am  labouring  under  the  gctat  disadvantage  of  having 
speken  on  the  subject  at  the  commencement  of  this  discaasian 
laet  meetings  and,  my  first  remarks  having  already  been  takea 
down,  I  run  a  great  risk  of  repeating  myself  unless  J  cut  wbali 
I  have  now  to  add  down  to  a -few  worda. 

I  have  had  some  conversation  with  Mr«  Lane  Fox  Pitt  since  I 
made  my  previous  remarks,  and^  as  I  think  he  partly  roisimder' 
stood  something  I  said  at  the  time,  I  will  now  explain,  and 
consequently  save  him  the  trouble  of  replying  to  them. 

I  found  fault  with  his  system  of  distribution,  because  I  under* 
stood  that  the  practical  limit  of  resistance  within  which  it  was 
possible  to  construct  single  lamps  was  not  great  He  now  t^ 
me  that  there  is  no  practical  limit  to  the  resistance  of  the  lamps— 
that  he  makes  them  as  easily  to  200,  300,  or  500  ohms  as  of  60  or 
80  ohms.  Of  course,  if  that  be  .really  so,  it  alters  the  questicmt 
because  that  in  some  measure  answers  me  as  regards  the  want  of 
economy  I  alleged  against  the  parallel  system  of  working  these 
lamps.  Because  it  is  evident  to  every  one  that  it  matters  very 
little  whether  one  lamp  of  500  ohms  or  five  lamps  of  100  ohms 
each  are  put  in  series ;  it  all  comes  to  the  same  effects  as  r^ards 
bridging  from  the  electrical  main  conductor  to  the  return  wire  <nr 
earth,  although  it  may  be  material  to  the  economy  and  distribu* 
tion  of  the  light ;  and  so,  having  explained  this,  I  will  relieve  Mr. 
Fox  Pitt  from  the  necessity  of  answering  that  part  of  the  question. 
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vvt'Anoth^  poi&t,  which  I  ought  to  haTa  mentioned  in  my^ 
prerioos  remarks,  is  with  refSerence  to  the*' cost  of  engine-power. 
Mr;, Lane  iFox  Pitt  dwelt  yerjmuch  on  the  low  figures  that  are. 
now  obtained  in  coal  consumption—that  one  horse-power  could  be; 
got'for  about  1^  lbs.  coal  consumption.  But  he  must  remember 
t^  these  are  very  low  figures.  Anything  below  2^  lbs.  of  coal 
per  h<»^e.power  can  only  be  obtained  by  means  of  very  great 
complication  of  the  valve  gear  of  the  engines,  which  must  very 
much  increase  the  first  cost,  and  the  liability  to  break  down  and 
interruption  ;  and  I  think  that,  when  you  consider  the  very  great 
necessity  there  will  be  of  subdividing  the  engine-power,  even  if 
there  be  a  large  central  station,  instead  of  having  one  big  engine, 
(the  failure  of  any  small  detail  of  which  would  stop  the  whol^ 
lighting  of  the  district) — granting  this  necessity  of  subdivision,  it  is . 
veiy  necessary  to  have  each  of  these  smaller  engines  exceedingly 
simple  in  their  details,  to  get  which  simplicity  and  trustworthiness 
it  will  be  necessary  to  sacrifice  a  little  of  the  economy  in  the  coal 
bill.  I  think  we  shall  get  as  low  as  2^  lbs.  of  coal  per  horse- 
power — in  fact,  I  know  there  are  firms  now  prepared  to  supply 
engines  of  16  horse-power  nominal  and  upwards,  which  they  will 
guarantee  to  work  with  2^  lbs.  per  horse-power.  Every  tenth  of  a 
pound  below  that  figure  is  very  difficult  to  obtain,  and  I  do  not. 
think  we  shall  get  as  low  as  1*5  lbs.  But  even  if  we  do  get  to  that 
figure,  referring  to  that  part  of  Mr.  Fox  Pitt's  paper  in  which  he 
proposes  to  use  the  current  for  heating  purposes,  it  would  rather 
surprise  you  to  see  the  small  amount  of  heat  you  would  thus  get 
out  of  1  lb.  of  coal.  Even  with  such  a  perfect  steam-engine,  and 
the  most  perfect  dynamo-electric  machine  we  now  have,  at  the  end 
of  the  circuit  you  would  only  get  about  nine  per  cent,  of  the  total 
heat  units  contained  in  that  pound  of  fuel,  whereas  62  per  cent,  of 
the  total  heat  units  has  been  frequently  obtained  by  direct  use  of 
the  coal  under  a  suitable  boiler.  With  a  less  perfect  engine, 
4- per  cent,  would  be  all  that  you  could  count  on  as  available  for^ 
heating  by  electricity^    The  table  beneath  shows  the  exact  figured. 
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Table  showing  heai  wnitt  in  a  pound  qf  coal,  and  pareeniage  ulUiMod  in  i 

using  1-5  and  SVbs,per  hour^  alto  nmiU  avaOabU  for  hoaiing  hg  •UcCrieCy. 


iB '  Hi 

pU  1  pi 

m 

hi] 

||5S 
Iflll 

P 

Units  arailable  in  a  beating  ooil 
forming  part  of  external  circuit 
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lising 70%  ot  tbe  borscpower 
iniu  external  circuit,  using 
I'ft  lb.  engine. 
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66 
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These  small  percentages  point  out  that,  so  long  as  we  have  to 
use  the  present  steam-engine  as  the  source  of  energy,  we  have  little 
to  hope  for  in  economic  distribution  of  heating,  cooking,  etc.,  by 
means  of  the  electric  current. 

That  need  be  no  discouragement  to  us ;  for  the  applications 
we  get  on  all  sides,  from  people  who  want  light  alone,  are  so 
numerous,  that  we  can  afford  to  let  the  question  of  distributed 
heating  rest  for  a  year  or  two. 

Professor  J.  Pebby  :  Some  remarks  have  been  made  about 
the  numbers  in  this  wall-sheet.  It  may  be  well  just  to  inti- 
mate that,  when  the  printed  copy  was  in  my  hands  a  few 
minutes  ago,  I  took  the  liberty  of  finding  whether  in  one  of  the 
columns,  say,  the  column  for  the  IS-candle  light,  by  squaring  the 
electro-motive  force  and  dividing  it  by  the  resistance,  you  could  get 
a  constant  or  nearly  constant  number.  One  would  imagine,  of 
course,  that  if  light  were  the  only  energy  given  out  by  the  carbon, 

then  —  ought  to  remain  a  constant,  since  the  light  for  all  these 

numbers  is  the  same ;  but,  as  the  carbon  also  gives  out  heat,  one 

would  hardly  expect  to  get  a  constant,  as  —  represents  the  total 

energy  given  out  by  the  carbon.     I  find  that  in  several  cases, 

taking  the  numbers  in  the  first  column,  —  is  exactly  76,  and  I  am 
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inclined  to  think  that,  if  any  column  is  taken,  the  same  result  will 
be  arrived  at-*  a  constant  number  for  the  quotient  in  question ;  and 
from  this  I  infer  that  these  figures  have  not  been  deduced  firom 
experiment  at  all,  but  have  been  calculated.  Perhaps  one  quotient 
has  been  deduced  from  one  experiment,  and  all  the  numbeis  calcu- 
lated. If  I  am  correct,  then,  I  think  that  the  fact  might  have  been 
mentioned  in  the  paper ;  at  the  same  time  the  paper  does  not  say 
that  they  are  experimental  numbers,  whatever  inferences  we  may 
have  drawn.  This  would  also  dispose  of  Mr.  C.  F.  Yarley's  wonder 
at  there  being  six  significant  figures  in  some  of  the  numbers, 
because  they  merely  indicate  unnecessary  calculation,  whereas  he 
thought  that  they  indicated  extraordinarily  delicate  apparatus. 

It  is  with  great  regret  that  I  must  decline  to  add  anything  to 
the  general  discussion  of  this  valuable  paper. 

Mr.  C.  F.  Heinbiohs  :  Several  gentlemen  asked  at  our  last 
meeting,  and  another  gentleman  has  done  so  this  evening,  what  is 
the  difference  between  the  Lane  Fox,  the  Swan,  and  the  Edison 
lamp.  I  shall  not  fedl  into  the  same  error.  You  must  not  expect 
to  have  anything  new, — "  there  is  nothing  new  under  thesun,''  that 
we  know, — ^but  Uie  main  thing  is :  Is  the  invention  perfected  ?  Has 
Mr.  Lane  Fox  Pitt  got  a  new  method  of  producing  and  maintaining 
a  vacuum?  Are  the  carbons  durable?  He  says  ''yes;"  and  I 
think  that  is  a  sufficient  novelty  for  us  to  discuss,  and,  if  not  dis- 
proved, would  satisfy  us  that  Mr.  Lane  Fox's  lamps  are  perfectly 
new.  I  do  not  agree  with  Mr.  A.  Siemens  in  saying  that  you  can 
make  a  machine  give  a  higher  electro-motive  force  by  merely 
lengthening  the  wire  on  the  armature. 

Mr.  Alexakdeb  Siemens  :  I  did  not  say  so. 

Mr.  C.  F.  Heinbiohs  :  Tou  cannot  put  two  or  three  lamps  in 
any  machine;  the  systems  are  different.  A  Siemens  machine 
cannot  be  made  to  give  24,  26,  or  30  lights  as  the  Brush  machine 
can,  nor  can  the  Brush  system  be  made  to  give  a  small  light  as 
the  Siemens  can.  The  main  difference  is  in  the  construction  of 
the  armature,  a  point  of  detail  too  technical  to  go  into  now. 

Mr.  Alexandeb  Siemens  :  What  I  wished  to  say,  and  still 
nmintain,  is,  that  we  can  arrange  our  machines  to  give  as  much 
electrcmotive  force  as  we  desire  ;  in  fEict,  we  have  machines  now 
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whidli  give  12  lights  in  cirouit  with  eontinuous  currents.  The 
macbiiies  are  oonBtiooted  in  the  usual  mauuer — an  iron  cylinder 
wound  with  wire  moves  between  magnets. 

Mr.  J.  A.  Bbtts  then  made  some  remarks  about  the  uae  of  the 
-words  *^  multi{de>are/'  eta,^  suggesting  that,  when  lamps  were  put 
in  series,  the  arrangement  should  be  called  "  oontinuoua  circuit;" 
when  each  lamp  had  a  distinot  cirouit,  all,  however,  being  fed  I)ja 
common  dynamo  machine,  it  should  be  called  '*  divided  drcoit,*' 
and  that  the  words  ''  parallel  circuit  **  should  be  kept  as  ordinarily 
used, 

Mr.  Latihbb  Clabk:  We  will  now  take  any  observatieiiB 
which  members  may  wish  to  make  upon  Professors  Ayrton  ai^d 
Perry's  oomimunications  on  *^  A  Portable  Absolute  Qalvanometer 
for  Strong  Currents/'  and  '^  A  Transmission  DynamcHneter/' 

Prof.  AybtON  :  Regarding  the  remarks  made  by  Mr.  Crompton 
at  the  last  meeting,  that  the  transmission  dynamometer  deviae<l 
by  Mr.  Perry  and  myself  had  been  anticipated  by  a  young  man 
working  with  Mr.  Crompton,  permit  me  observe  that  the  exact 
form  of  dynamometer  referred  to  by  Mr.  Crompton,  and  wbidi  he 
has  been  good  enough  since  to  describe  to  me,  was  in  reality 
thought  of  by  Mr.  Perry  and  myself,  but  rejected  by  us  as  beii^ 
inferior  to  the  one  we  had  the  honour  of  bringing  before  you.  Mr. 
Crompton's  forpi  consists  of  a  loose  pulley  connected  by  a  spiral 
spring  to  a  boss  feathered  on  the  shaft— :tiuit  is  to  say,  the  bees  can 
move  along  the  shaft,  but  not  round  it.  If  now  the  shaft  be  turned 
and  the  loose  pulley  be  resisted,  the  spiral  spring  which  encircles 
the  shaft  will  be  more  twisted,  and  the  boss  will  be  pulled  towards 
the  loose  pulley,  and  the  amount  of  its  motion  can  of  course  be 
easily  observed.  Now  the  reason  why  we  rejected  this  form  of 
dynamometer  was,  because  in  such  an  arrangement  there  is  friction 
between  the  boss  and  the  feather  on  the  diaft,  resisting  the  longitu- 
dincd  motion  of  the  boss ;  in  fact,  it  possesses  all  the  defects  of  an 
ordinary  spring-balance  when  not  held  vertically,  and  when,  as  is 
well  known,  the  indications  are  faulty  from  the  friction  offered  to 
the  motion  of  the  pointer. 

In  the  apparatus' which  we  are  having  made,  and  the  con* 
struction  of  which  was  described,  there  is  no  such  frictional  resist- 
ance, and  hence  its  indications  will  probably  be  more  accurate. 
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Mr.  Lams  Fox  Pitt:  Mr.  OhftirmaO)— *At  our  last  meeting  I 
began  by  sayhi^  thatthis  was  a  sufajeot  upon  ^iob  I  thoiight  tbaie 
was  a  certain  amount  of  antagonism^  I  think  the  remarks,  of  last 
meeting  and  of  to-ni^t  show  that  I  was  not  very  far  wrong-^there 
has  been  a  very  considerahle  amonnt  of  aatagooiam.  I  am  net; 
prepared  to  say  ihat  it  is  wrong  that  it  ahoold  be  so,  but,  at  the 
same  time,  I  think  that  it  ought  to  be  sometimes  a  little  more 
discreet 

Mr.  DaYid  Ohadwiok,  I  think,  opened  the  diseasaion;'  he  said 
that,  as  one  of  the  public,  he  was  not  much  interested  in  scientific 
-technioalities,  but  he  would  put  one  or  two  questions  on  more 
general  grounds.  He  asked  bow  much  it  would  oost  to  light  a 
certain  house,  but  he  did  not  give  us  many  particulars.  He  said, 
*'  if  the  rental  was  £100  a  year,  how  much  would  it  cost  to  light  it 
by  electricity ;  also^  another  house  at  £200  a  year."  That  is  difficult 
to  say,  because  it  would  depend  upon  other  considerations  besides 
the  rental.  I  am  reminded  of  the  problem,  "  Given  the  price  of 
herringa  at  two  a  penny,  what  would  be  the  price  of  a  loaf  of  bread!" 
I  do  not  think  it  would  be  possible  to  ax^wer  that.  Aa  regards 
Mr.  CSiadwidL's  question,  it  would  de{>wd  in  the  first  plaoe  upon  Hm 
iooalbf  of  the  house — chiefly  :whether  there  were  means  at  hand 
to  supply  electricity  from  a  certain  souDce.  If  it  were  near  a 
source  of  natural  motive  power,  such  as  the  lall  of  water  in  a  weir. 
Of  the  force  of  the  tides,  or  even  a  windmill,  the  energy  would 
be  exceedingly  cheap ;  and  the  only  other  cost  to  be  taken  into 
oonsideration  in  such  a  case  would  be  the  interest  on  the  plant, 
aad  the  necessary  attendance.  I  do  look  in  the  immediate  future 
(o  the  possibility  of  applying  the  energy  fn)m  natural  sources  fbi 
lighting,  aud  also,.!  will  venture  to  say,  for  heating  purposes.  We 
have  unlimited  sources  of  energy  in  natuire,  and  I  do  not  see  at  all 
why  these  should  not,  by  means  oi  scientific  appliances^  be  brought 
to  practical  uses  thrqugh  the  agency  of  electricity. 

Another  question,  which  Mr.  Chad  wick  asked  w^  what,  was  the 
difference  between  my  light  and  Edison's  light  and  Swan's  light. 
I  do  not  know  if  I  ought  to  have  begim  at  the  beginning  of  the 
whole  subject,  but  I  may  say  that,  according  to  the  theory  of  light, 
they  are  all  very  much  the  same — ^tbey  are  all  three  supposed  to 
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be  due  to  the  vibration  of  a  laminiferous  ether,  and  so  in  the  light 
itself  there  is  really  no  difference.  There  are,  however,  certain 
differences  in  detail  in  the  construction  of  the  lamps.  I  am  the 
very  last  person  in  the  world  to  depreciate  the  work  of  others  for 
my  own  benefit.  I  do  not  think  it  is  profitable  or  becoming,  and  I 
have  always  thought  that  Mr.  Edison  s  work  on  the  subject  was  of 
the  very  highest  importance.  I  believe  that  no  man,  perhaps,  has 
done  more  for  the  benefit,  not  only  of  electric  lighting,  but  &r  the 
science  of  electricty  itself,  than  Mr.  Edison.  Perhaps  it  has  not 
altogether  been  owing  directly  to  his  own  energies  that  this  benefit 
is  due,  but,  to  a  great  extent  also  indirectly,  to  the  general  ezite- 
ment  which  bis  extraordinary  genius  has  produced,  and  the  manner 
in  which  this  has  led  other  people  to  work  in  the  matter ;  but  I  do 
think  that  there  really  is  the  highest  credit  due  to  the  man  who, 
with  the  enormous  reputation  that  Edison  had  two  or  three  years 
ago,  boldly  said  that  he  thought  electricity  would  be  very  soon  used 
for  general  domestic  purposes,  and  I  think  the  time  is  not  very  &r 
off  when  he  will  be  proved  to  be  right.  As  to  lighting  by  the 
incandescent  lamp,  no  man  can  monopolise  that :  it  has  been  worked 
at  for  over  30,  perhaps  40  years,  I  believe,  and  I  began  working  at 
it  myself  before  anything  was  known  of  Mr.  Edison's  discoveries  or 
inventions.  In  fact,  I  have  patents  for  England,  if  I  may  refer  to 
them,  dated  some  time  before  Mr.  Edison's  first,  that  has  of  course 
entitled  me  to  work  upon  the  subject,  and  to  consider  that  the  field 
is  open  to  me  also. 

What  Mr.  Crompton  has  said  to-night  takes  the  sting  to  a  great 
extent  out  of  his  remarks  at  the  last  meeting;  but  I  must  say 
that  I  do  not  think  he  was  at  all  kind  in  his  criticisms  of  my 
system.  He  was  rather  severe  at  times,  and  certainly  was  more 
kind  to  Professor  Ayrton  in  offering  to  buy  one  of  his  (Professor 
Ayrton's)  machines,  although  he  said,  at  the  same  time,  that  there 
was  a  lad  in  his  office  who,  two  years  ago,  invented  the  same 
thing,  or  very  much  the  same ;  only  I  think  he  said  the  child's  was 
much  better.  Then  Mr.  Crompton  said  he  did  not  want  to  tread 
upon  any  one's  toes,  as  he  had  been  asked  to  do ;  but  I  think, 
nevertheless,  that  he  proceeded  to  do  so  to  the  best  of  his  ability. 
He  said  that  there  would  be  very  considerable  waste  (or  loss,  I 
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thlDk,  was  the  expression  he  used)  from  using  earth  returns — that 
the  current  would  go  to  earth  and  would  be  to  a  a  extent  lost. 

Mr.  Crompton:  No,  no. 

Mr.  Fox  Pitt,  continuing :  I  think  you  will  remember  saying 
that  there  would  be  loss  by  the  use  of  earth  returns.  I  may  have 
been  mistaken,  but  I  would  explain  what  I  meant  by  '*  earth,'* 
which  will  also  serve  as  a  reply  to  what  has  been  said  by  another 
^eaker.  I  would  resort  to  uninsulated  conductors  in  connection 
with  the  earth,  so  that  their  resistance  would  be  reduced  by  the 
conductivity  of  conducting  matter  in  their  vicinity,  or  in  contact 
with  them. 

Mr.  Crompton  altogether  found  fault  with  the  method  of  what 
I  will  now  venture  to  call  a  ''  divided  "  system.  He  said  that  he 
had  tried  experiments  himself  with  the  dynamo  machine,  and  had 
obtained  certain  results,  viz.,  that  18  lamps  could  be  put  together 
in  series,  but  only  10  in  multiple  arc.  I  can  only  say  that,  under 
such  conditions,  seeing  that  the  resistances  would  be  as  1  :  180,  a 
dynamo  machine  that  will  work  at  all  is  a  remarkable  thing. 
However,  the  question  of  whether  the  light  can  be  economically 
employed  on  multiple  arc  entirely  depends  iipon  whether  the 
machine  is  suitable  for  the  purpose.  I  know  perfectly  well  that  it 
is  highly  desirable  to  keep  the  greater  part  of  the  resistance  to  be 
overcome  outside  the  machine,  in  order  to  get  economical  results, 
bat  I  cannot  conceive  very  much  difference  in  economy  between 
snch  work  in  "parallel  circuit"  and  in  "series,"  provided  th^ 
resistances  are  properly  adjusted.  The  energy  developed  by  a 
current  is  exactly  proportional  to  the  resistance ;  and,  if  we  have  a 
certain  difference  of  potential  between  the  two  poles  of  a  lamp, 
that  difference  of  potential  would  produce  or  develop  a  certain 
amount  of  energy,  and  it  really  does  not  matter  how  the  electricity 
arrives  at  the  lamp,  whether  it  is  from  another  lamp,  or  whether  it 
is  directly  from  the  supplying  machine.  There  certainly  would  be 
an  enormous  advantage  in  using  a  system  of  multiple  arc  in  practice 
over  a  system  of  lamps  in  a  continuous  circuit  or  series,  because,  of 
course,  if  one  lamp  in  a  series  goes  out,  the  whole  in  the  series 
go  out;  and  then  it  would  not  be  practicable  to  lay  down  so 
many  wires  as  would  be  necessary  on  an  extensive  scale. 
VOL.  X.  15 
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I  have  to  thank  Mr.  Shoolbred  for  his  remarks.  I  certainly 
did  intend  my  paper  more  as  a  suggestive  or  foreshadowing  paper 
— one,  as  it  were,  laying  forth  ideas  which  might  be  realised 
in  the  future,  and  putting  down  the  lines  on  which  we  were  to 
work,  and  by  which  we  might  arrive  soon,  I  hope,  at  some 
extended  application  of  electricity. 

Mr.  Mitchell  asked  one  or  two  questions  about  the  belt  slipping. 
He  said  he  had  always  noticed,  at  every  exhibition  of  electric 
lighting,  that  there  was  something  the  matter  with  the  belt  of  the 
engine,  and  asked  how  it  could  be  overcome.  There  are  three 
ways  in  which  that  could  be  avoided.  First,  by  using  belts 
sufficiently  tight ;  secondly,  by  making  the  belts  sufficiently 
sticky ;  and  thirdly,  and  the  best  way,  I  think,  would  be  to  do 
away  with  belts  altogether,  I  believe  I  am  right  in  saying  that 
the  Brush  lamps  in  the  City  are  now  worked  by  direct-acting 
engines,  and  certainly  that  is  a  practical  demonstration  in  answer 
to  the  question. 

I  forgot  to  mention  about  using  machines  or  electrical  gene, 
rators  themselves  in  parallel  circuit.  Mr.  Crompton  said  that  he 
did  not  think  it  would  be  possible.  I  have  been  told,  and  believe 
it  to  be  true,  that  at  the  present  time  Mr.  Edison  is  using  at 
Menlo  Park  seven  machines  in  multiple  arc,  and  is  working  a 
system  of  480  lamps  with  them. 

Mr.  Gumpel  and  others  criticised  me  very  severely  on  the 
question  of  economy,  and  also  on  the  point  as  to  what  extent  we 
could  rely  upon  figures  given  us  up  to  the  present  day.  Mr. 
Gumpel  altogether  disagreed  with  my  statement  that  1^  lbs.  of 
coal  would  generate  one  horse-power  per  hour  in  a  steam-engine. 
I  think  he  admitted  that  1*6  was  a  practical  figure,  and  had  been 
practically  accomplished,  but  he  would  not  give  in  to  1*5.  But 
notwithstanding  that,  I  will  adhere  to  1*5,  and  believe  it  is  a 
practical  figure.  I  know  that  there  is  a  firm  in  Greenock,  Robert 
Steel  &  Co.,  who  advertise  that  they  are  prepared  to  supply 
engines  above  1,000  horse-power  at  a  guaranteed  consumption  of 
14  lbs.  of  coal  per  horse-power  per  hour.  There  are  many  large 
steamers  in  which  the  consumption  of  fuel  is  even  below  that 
mark.     I  believe  that,  in  the  ships  built  on  the  Clyde  for  the 
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Chinese  Qoyemment,  the  consumption  of  coal  was  very  little 
more  than  1*3  lbs.  per  hour  per  horse-power  indicated ;  and  I  would 
remind  ray  critics  that,  after  all,  this  only  reaches  about  15  per 
cent,  of  the  total  energy  of  combustion  of  coal  which  is  turned 
into  useful  motive  power,  and  I  cannot  really  see  why  they  should 
so  complain  at  my  taking  practical  figures  of  the  present  day  when 
I  am  speaking  of  the  possibilities  of  tiie  future.  I  think  that  it 
is  exceedingly  probable  that  the  figures  of  1*5  lbs.  of  coal  may  be 
very  much  reduced;  in  fact,  I  do  not  see  why,  by  usin^  high 
pressure  steam  and  good  engines  on  a  large  scale,  the  consumption 
should  not  be  enormously  reduced  below  present  standards. 

I  must  run  over  the  other  points  rather  quickly,  for  I  fear  I 
have  taken  up  your  time  too  much  already.  Mr.  Shoolbred,  in  his 
remarks,  quite  comprehended  what  I  had  intended  to  convey  by 
my  suggestioDS,  viz.,  that  I  was  not  dealing  with  practical  results, 
because,  when  I  spoke  of  large  centres  supplying  thousands  of 
lamps,  I  could  not  possibly  be  speakini^  of  what  had  already  been 
done;  and  I  think  Mr.  Shoolbred  showed  that  he  thoroughly 
appreciated  the  advantage  of  a  discussion  of  this  sort,  which  would 
probably  assist  further  development,  and  could  do  no  harm.  In 
any  difficult  matter,  the  more  fully  and  freely  it  is  discussed,  the 
more  familiar  it  becomes,  and,  after  all,  familiarity  is  what  is  needed. 
The  subject  is,  to  mere  scientific  men,  more  or  less  simple,  but 
what  we  want  is  to  direct  a  great  amount  of  intelligent  labour  to 
what  will  probably  be  a  very  profitable  source  of  employment ;  for 
I  believe  the  future  applications  of  electricity  will  open  up  an 
entirely  new  industry,  and  that  we  shall  have  very  soon  a  vast 
amount  of  at  present  unemployed  labour  earning  an  immense 
amount  of  money,  at  the  same  time  advancing  science,  and  the 
general  welfare  of  the  nation  and  the  world. 

Mr.  Shoolbred  spoke  of  the  electric  arc  as  being  one  of  the 
most  important  branches  of  electric  lighting  on  a  large  scale,  but 
I  must  say  that  I  never  intended  the  system  I  have  described  to 
be  used  for  the  electric  arc  light  as  well  as  the  incandescent  light* 
I  must  say  that  I  think  there  is  a  possibility  of  arc  lights  disap. 
pearing  altogether,  for  I  do  not  see  why  we  should  not  ultimately 
get  carbon  to  resist  as  high  a  temperature  permanently  as  it  does 
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temporarily  in  the  pencils  of  the  electric  arc.  There  is  nothing 
really  against  this;  and,  besides,  it  is  not  necessary  that  the 
temperature  should  be  so  high  in  an  electric  lamp.  In  esti- 
mating the  cost  of  the  arc  light,  we  have  to  take  into  account  a 
great  number  of  items  besides  the  one  item,  the  cost  of  the  power. 
In  the  first  place,  there  is  the  cost  of  the  carbon  pencils,  then  the 
cost  of  the  lamp  or  regulator  and  its  wear  and  tear,  and  the  skilled 
labour  required  to  adjust  and  put  the  pencils  in  their  place,  and 
then  there  is  the  trouble  of  connections ;  which  are  altogether 
avoided  in  the  incandescent  lights,  where  we  have  merely  to  con. 
nect  the  lamps  up  once  for  all,  and  if  it  is  properly  made  I  believe 
it  will  endure  for  an  indefinite  length  of  time  and  at  any  time  give 
the  required  light.  There  is  no  doubt  that  at  present  the  energy 
absorbed  by  incandescent  lamps  to  produce  a  unit  of  light  is  very 
much  greater  than  the  energy  absorbed  to  produce  the  same  unit 
by  arc  lighting,  but,  every  consideration  taken  into  account,  I 
believe  that  you  could  very  possibly  compete  with  it  in  point 
of  actual  price. 

With  reference  to  earth  returns.  I  meant  merely  connections  of 
existing  systems  to  earth,  so  to  speak,  such  as  water-pipes  or  gas- 
pipes  where  they  exist ;  and  the  resistance  of  gas  and  water-pipes 
where  you  are  dealing  with  small  currents,  such  as  those  passing 
through  an  incandescent  lamp  (generally  something  very  much 
less  than  the  unit  or  weber),  would  be  so  small  that  it  need  scarcely 
be  taken  into  account 

Capt.  Sale  made  some  similar  remarks  about  the  cost.  He 
said  that  I  had  confined  my  observations  entirely  to  the  cost  of 
coal.  I  must  beg  to  differ  from  him.  I  have  taken  the  cost  of 
coal  as  being  tV  of  a  penny  per  horse-power  on  a  large  scale,  and 
I  have  estimated  four  times  that  amount  as  the  total  cost,  and 
that  would  bring  it  down  to  a  farthing ;  and  so  I  did  exactly 
what  he  recommended  should  be  done. 

I  quite  agree  with  the  last  speaker  (Mr.  J.  A.  Betts)  that  it 
would  be  most  desirable  to  have  an  uniform  nomenclature  for  the 
different  terms  used.  I  would  also  suggest  that  "  incandeecent  *' 
lighting  is  a  slightly  inappropriate  term  to  use  for  lighting  by 
means  of  the  incandescence  of  a  continuous  conductor.     Of  coarse 
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all  practical  artificial  light  is  the  result  of  iDcandescence  of  certain 
particles.  I  have  suggested  myself  the  term  of  "  bridge  '*  lightings 
in  contradistinction  to  the  **  arc." 

I  had  forgotten  Mr.  A.  Siemens.  He  does  not  at  all  agree  with 
me,  but  he  did  not,  I  think,  really  explain  very  fully  on  what 
points  he  disagreed.  He  said  that  he  did  not  understand  the  table. 
I  have  also  overlooked  Professor  Perry's  criticism,  that  the  table  was 
the  result  of  calculation.  Certainly  it  is.  There  were  one  or  two 
experiments  which  I  made,  and  for  the  sake  of  convenience  I 
deduced  the  figures  so  as  to  give  an  idea  of  what  the  resistance  of 
a  lamp  should  be  to  suit  any  electro-motive  force,  and  to  show 
that,  by  using  a  somewhat  higher  degree  of  electro-motive  force  in 
the  system,  the  resistance  of  the  lamps  would  have  to  be  increased 
in  a  much  greater  proportion.  Mr.  C.  F.  Varley,  too,  I  think, 
mistook  the  whole  table  as  referring  to  the  same  lamp.  It 
represents  the  same  light,  the  same  candle-power,  but  each  different 
row  of  figures  represents  a  different  lamp,  as  suited  to  a  different 
electro-motive  force.  For  instance,  take  the  top  line  in  the  table : 
we  have  a  system  of  lights  in  which  the  conductors  are  charged 
constantly  to  30  volts  of  electro-motive  force.  In  order  to  obtain 
here  a  15.candle  light  having  a  luminous  surfeu^e  of  iV  of  a  square 
inch,  and  absorbing  tV  horse-power  of  energy,  the  resistance  would 
have  to  be  11*95  ohms.  The  appearance  of  the  lamp  in  every  one 
case  would  be  very  much  the  same ;  the  difference  would  only  be 
that  the  resistance  of  the  conductors  for  high  electro-motive  forces 
would  be  much  greater.  I  have  merely  compiled  the  table  to  give 
some  people,  who  may  not  be  very  well  up  in  the  matter,  a  general 
idea  of  how  any  electro-motive  force  could  be  used,  and  how  by 
only  slightly,  as  it  were,  increasing  the  electro-motive  force,  the 
resistance  of  the  lamps  must  be  enormously  increased  to  correspond ; 
and  so,  by  using  veiy  high  electro-motive  force,  very  great 
economy  would  be  obtained — economy,  that  is  to  say,  in  point  of 
the  size  of  the  conducting  mains. 

Objections  were  raised  to  the  form  of  regulator.  I  think  that 
Mr.  Crompton  and  Mr.  Gumpel  both  said  that  the  form  of  regu* 
lator  for  moving  a  throttle-valve  would  not  be  practicable  at  the 
present  day.    On  a  reference  to  this  diagram  (which  represents  a 
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machine  that  would  give  any  amount  of  power),  it  will  be  seen 
that  the  arrangement  involves  a  vibrating  hammer,  similar  to  the 
hammer  on  an  induction  coil :  this  oscillating  hammer,  or  armature, 
working  on  a  ratchet,  moves  a  wheel  round,  and,  though  the  motion 
is  sioW)  an  enormous  power  could  be  obtained  which  would  over- 
come the  objection  raised  to  the  plan.  This  (Diagram  VI.)  was 
merely  diagramatic  or  typical.  It  is  quite  immaterial  how  the 
electro-motive  force  is  controlled.  Mr.  Crompton  was  not  quite 
right  when  he  said  that  in  the  Brush  system  they  bad  a  perfect 
regulator.  I  do  not  mean  that  the  regulator  is  not  very  perfect^ 
I  daresay  it  is,  but  I  mean  that  it  is  for  a  very  different,  purpose, 
its  object  being  to  ensure  a  variable  electro-motive  force  from  the 
machine  in  proportion  to  the  number  of  lamps  in  operation,  so 
that  in  the  circuit  there  is  always  the  tsune  amount  of  current. 
That  is  not  my  object,  which  is  to  regulate  the  pressure  so  that  it 
is  constant  during  great  variations  of  current. 

I  am  very  much  obliged  to  Mr.  Varley  for  his  explanation  as 
to  the  non.compressibility  of  electricity.  That  is  not  a  matter  of 
very  much  importance,  if  we  are  agreed  upon  the  main  subject, 
that  it  is  to  be  looked  upon  rather  as  a  medium  for  transmitting 
power  than  anything  else.  But  I  cannot  quite  understand  how,  if 
electricity  is  a  fluid  and  not  compressible,  a  condenser  of  a  givei^ 
capacity,  when  charged  to  a  certain  tension,  will  be  capable  of 
charging  several  other  condensers  of  equal  capacity,  or  a  condenser 
of  greater  capacity,  with  electricity,  to  an  inferior  tension  in  pro- 
portion to  the  tension  of  the  original,  without  the  electricity 
expanding.  However,  that  is  a  point  which  I  do  not  think  of  very 
much  consequence.  With  proper  appliances,  we  can  always  get  a 
proper  return  for  the  energy  expended. 

Professor  Ayrton  :  In  justice  to  Mr.  Crompton,  may  I  be 
allowed  to  correct  one  misconception  on  the  part  of  Mr.  Lane  Fox 
Pitt.  The  two  communications  of  Professor  Perry  and  myself  were 
quite  distinct,  although  made  one  after  the  other.  The  first,  you 
will  remember,  was  bringing  to  your  notice  <a  portable  galvanometer 
for  measuring  the  strongest  currents,  and  which  could  be  calibrated 
with  a  weak  current  produced  by  only  one  Daniell  ceil.  It  was  this 
^riBtrument  that  Mr.  Crompton  expressed  himself  so  desinms 
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of  obtaining,  and  the  invention  of  which  was  not  attributed  to  an 
assistant  of  Mr.  Crompton. 

The  second  communication,  which  was  quite  distinct,  was  on  a 
transmission  dynamometer,  which  could  be  put  on  the  main  shaft 
of  any  factory,  and  not  a  laboratory  instrument  like  the  ordinary 
transmission  dynamometer ;  and  I  think  it  quite  possible,  after  the 
few  words  I  have  said  this  evening,  showing  the  advantage  of  out 
form  of  transmission  dynamometer  over  that  employed  by  Mr. 
Crompton  (and  which  was  devised  by  his  assistant),  that  he  may 
express  himself  also  equally  desirous  of  obtaining  that  too. 

After  a  few  observations  of  the  Chairman  regarding  the 
practical  value  of  the  papers  contributed  by  Mr.  Lane  Fox  Pitt 
and  by  Professors  Ayrton  and  Perry,  a  cordial  vote  of  thanks 
was  returned  to  the  authors. 
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The  One  HuDdred  and  First  Ordinary  General  Meeting  of  the 

Society  was  held  on  Thursday  evening.  May  12th,  1881,  at 

the  Institution  of  Civil  Engineers,  25,  Great  George  Street, 

Westminster— Professor  W.  G.  Adams,  F.R.S.   (Vice-Presi. 

dent),  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed, 

and  the  names  of  candidates  for  admission  announced  and  ordered 

to  be  suspended. 

The  followmg  paper  was  then  delivered : — 

RADIOPHONY. 
By  W.  H.  Pbeecb,  Past  President. 

A  sower  went  forth  to  sow,  and  his  seeds,  falling  on  various  soils, 
met  with  various  fates.  Some  fell  on  stony  ground,  and  other  on 
fruitful  ground;  but  the  seeds  of  few  sowers  ever  fell  on  such 
fruitful  ground  as  those  of  Graham  Bell  and  Sumner  Tainter.  The 
&ct8  brought  forth  by  their  researches  showed  that  ''  sonorousness 
under  the  influence  of  light  is  a  property  common  to  all  matter,*' 
or,  in  other  words,  if  matter,  either  in  a  state  of  liquid,  solid,  or 
gas,  was  submitted  to  the  influence  of  intermittent  light,  the  result 
was  the  production  of  sounds. 

Inasmuch  as  physicists  for  200  years  bad  been  trying  to  produce 
some  experiment  which  should  show  that  bodies  moved  under  the 
influence  of  light,  and  failed ;  and  inasmuch  as  60  years  ago  Bennett 
concentrated  the  rays  of  the  sun  on  very  sensitive  suspended  sub- 
stances,  but  obtained  no  motion  at  all,  and  many  have  used  that  as 
an  argument  against  the  corpuscular  theory  of  light ;  so  everybody 
was  startled  by  Bell's  announcement. 

When  Professor  Graham  Bell  announced  before  this  Society 
that  the  sound  produced  by  light  rays  which  were  broken  up  and 
made  to  fall  intermittently  on  discs  of  hard  material  was  a  property 
of  light,  you  will  remember  that  Professor  Tjndall  expressed  his 
belief  that  the  e£fect  was  due  to  heat,  and  not  to  light.  Dr. 
Spottiswoode,  P.R.S.,  suggested  the  same  thing  in  his  last  presi- 
dential  address  to  the  Royal  Society.  Every  experimenter  sinoe 
has  shown  unmistakably  that  the  surmise  of  Dr.  Spottiswoode  and 
the  opinion  of  Dr.  Tyndall  were  quite  right. 
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Many  enquirers  have  been  investigating  the  subject,  and  it  is 
rather  amusing  to  notice  the  various  titles  adopted  by  them. 
Graham  Bell»  in  his  paper  of  the  27th  August,  1880,  adopted 
the  title,  **  Upon  Production  and  Reproduction  of  Sound  by  Light." 
As  recently  as  21st  April,  188 1,  in  a  paper  read  before  the 
American  Society  of  Science,  he  discusses  the  same  question  under 
the  title,  '*  Upon  the  Production  of  Sound  by  Badiant  Energy." 
M.  Hercadier,  the  head  of  the  technical  school  of  the  telegraph 
administration  in  Paris,  an  extremely  able  experimenter,  as  well  as 
a  very  clever  physicist,  has  written  several  papers  firom  week  to 
week,  published  in  La  Lumiere  Eleetriqwe  (and  which  have  been 
read  before  the  French  Academy),  which  have  invariably  been 
entitled  **  Notes  on  Radiophony."  A  German  physicist,  Rontgen, 
on  the  8th  December  last,  read  a  paper  on  the  same  subject,  which 
he  entitled,  ''On  the  Tones  which  arise  from  the  Intermittent 
Illumination  of  a  Gas."  Dr.  Tyndall,  on  the  I3th  January,  1881, 
read  a  paper  before  the  Royal  Society  under  the  title  of  ''  Action 
of  an  Intermittent  Beam  of  Radiant  Heat  upon  Gaseous  Matter;" 
and,  on  the  10th  March  last,  I  read  before  the  Royal  Society  a 
paper  which  I  entitled,  *'0n  the  Conversion  of  Radiant  Energy 
into  Sonorous  Vibrations."  But,  as  will  be  gathered  from  the 
tide  of  this  evening's  paper,  I  propose  in  future  to  speak  of  the 
phenomena  as  phenomena  of  *'  Radiophony." 

Before  going  further,  it  would  be  as  well  to  make  it  clear  as  to 
what  is  understood  by  these  various  terms.  By  Radiophony,  the 
term  adopted  by  Mercadier,  Bell  and  Tainter,  and  myself,  I  simply 
mean  the  production  of  sounds  by  radiant  energy.  The  term 
"sound"  is  introduced,  and  it  is  necessary  I  should  explain  why 
that  term  has  been  converted  into  *'  sonorous  vibrations."  I  take 
the  term  ''  sound  "  to  express  a  certain  action  which  takes  place  in 
the  brain :  sound  is  a  sensation.  *'  Sound  "  is  a  term  applied  to  an 
set  of  consciousness,  such  as  happens  at  the  present  moment  when 
you  are  listening  to  my  voice.  Sound  alone  reaches  the  brain ;  out- 
side  your  ears,  between  you  and  me,  there  is  no  such  thing  as  sound. 
When  my  lips  move,  a  disturbance  or  motion  of  the  particles  of  the 
air  is  set  up,  and  this  motion  is  sonorous  vibration,  which  is  trans, 
lated  by  the  ear  and  communicated  to  the  brain    as    sound. 
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Sonorous  Tibrations,  then,  are  mere  waves  or  motions  of  particles 
of  the  air. 

By  "  radiant  energy,*'  physicists  now  speak  of  the  motion  of 
the  ether,  that  highly  elastic  medium  which  fills  all  space.  The 
heat  of  the  sun,  the  light  of  the  stars,  the  effects  which  we  call 
actinism,  and  all  the  physical  effects  that  pass  between  astro, 
nomical  bodies,  are  transmitted  by  this  medium,  ether,  and  its 
movements  or  vibrations  are  called  radiant  energy.  Some- 
times  this  action  is  called  '*  radiation,"  and  it  is  a  very  frequent 
thing  to  see  in  papers  at  the  present  day  the  word  *'  radiation  "  so 
employed.  The  latter  term  is  perfectly  accurate  when  the  mean- 
ing is  properly  defined,  but  it  should  only  be  applied  to  the 
production  of  an  efifect,  such  as  that  produced  by  the  gas  jets  now 
burning  above  us  ;  but  if  we  call  that  which  produces  as  well  as 
that  which  is  produced  by  the  same  term,  we  commit  a  logical 
defect — that  is,  we  use  anomalous  terms.  Many  physicists  have 
found  it  better  to  speak  of  radiation  as  one  thing,  viz.,  that 
producing,  and  of  radiant  energy  as  another  thing,  viz.,  that 
produced. 

So  it  has  now  become  the  practice  to  speak  of  radiant  enei^  as 
expressive  of  that  motion  of  the  ether  which,  when  falling  upon  the 
retina  of  the  eye,  produces  light ;  which,  when  falling  upon  certain 
bodies,  especially  upon  such  things  as  lampblack,  produces  heat ; 
and  which,  when  falling  upon  salts  of  silver  and  of  various  other 
metals,  produces  that  particular  effect  called  photography.  This 
motion  varies  only  in  wave  length.  The  terms  used  in  old  text- 
books,  dividing  the  rays  of  the  sun  into  luminous,  thermic,  and  actinic 
rays,  have  in  modem  scientific  text-books  dropped  out  of  existoioe, 
and  all  these  effects  are  simply  attributed  to  the  different  lengths 
of  the  particular  waves  that  agitate  the  ether. 

The  great  advantage  of  the  term  Radiophony  is  that  it  is  per. 
fectly  general  It  means  the  production  of  sound  by  the  impact 
of  the  waves  of  radiant  energy  upon  different  materials.  If  the 
sounds  are  produced  by  the  impact  of  the  wave  lengths  that  £eQ1 
between  the  red  and  violet  (which  is  called  the  visible  part  of  the 
spectrum),  they  produce  what  is  called  the  photophone.  If,  on  the 
other  hand,  these  waves  of  radiant  energy  are  those  which  fall  on 
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subBtances  and  produce  heat,  the  effect  is  called  a  thenoophoQe  ; 
and  it  is  not  at  all  unlikely  (although  1  do  not  think  that  it  has 
been  done)  that  the  waves  of  highest  refrangibility  (far  above  the 
violet)  could  be  utilised  in  some  way  to  produce  sound,  and  be 
called  an  actiuopbone. 

With  regard  to  a  definition  that  is  sometimes  used,  I  should 
like  to  explain  the  distinction  that  is  drawn  between  radiant  heat 
and  thermometrio  heat.  Radiant  heat  is  wave  motion  in  ibe 
ether  ;  therTHometric  heat^  wave  motion  in  matter.  The  greater 
the  swing,  the  greater  the  amplitude  of  motion  of  the  molecules  of 
which  matter  is  composed,  the  higher  is  the  temperature  and  the 
greater  the  heat  present.  The  difference  between  radiant  beat 
and  thermometric  heat,  therefore,  is  that  radiant  heat  is  the 
motion  of  ether,  and  thermometric  heat  is  the  motion  of  matter. 

The  former  we  cannot  measure ;  the  latter  we  can  measure  by 
the  aid  of  a  thermometer,  and  therefore  it  is  called  thermometrio 
heat. 

What  are  the  facts  that  we  have  to  deal  with  ? 

First  of  all,  let  me  explain  the  apparatus  that  I  have  before 
you,  and  which,  by  the  aid  of  my  indefatigable  friend  (Mr.  Strob), 
I  hope  to  show  you. 

Here  is  an  oxyhydrogen  light  which,  though  perhaps  not  so 
effective  as  the  electric  light,  is  more  amenable  to  control,  does  not 
possess  so  many  faults,  and  is  sufficiently  powerful  for  our  purpose. 

The  oxyhydrogen  lighi  falls  on  a  line  of  perforations  near 
the  periphery  of  a  zinc  disc  which  can  be  rotated  When  the  light 
passes  through  the  perforations  on  the  zinc  plate,  its  rays  are 
ruddered  intermittent  and  are  received  upon  a  lens  which  gathers 
them  together,  or  brings  them  parallel,  and  they  then  pass  on  to 
a  disc  inside  a  small  square  case.  In  this  case  can  be  placed  discs 
of  vari^jus  materials,  and  on  the  side  farthest  from  the  light  (and 
at  the  back  of  any  discs  placed  in  the  case)  a  hole  is  cut  into 
which  is  fitted  a  flexible  hearing  tube.  At  present  a  disc  of 
ebonite  is  placed  inside  the  case.  I  am  afraid  that  these  sounds 
will  not  be  heard  beyond  the  tube ;  I  will  therefore  ask  the 
audience  to  accept  (during  the  reading  of  the  paper)  Professor 
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Hughes'  remarks  on  the  success  of  the  ezperiments  as  they  are 
carried  out. 

Exp.  1. — ^The  zinc  disc  is  now  rotating,  causing  the  light  to 
fall  intermittently  on  the  lens,  and  so  on  to  the  ebonite  in  the  case. 
I  should  say  that  the  sounds  follow  the  rapidity  of  rotation  of  the 
zinc  disc. 

Professor  HuGHES :  I  can  hear  a  musical  whistling  sound,  quite 

distinct  from  the  whizzing  noise  of  the  zinc  disc  rotating  in  the  air. 

Mr.  PfiEECB  (continuing) :  The  question  that  is  raised  by  this 

experiment  is,  seeing  that  rays  of  light,  or,  as  I  should  say,  of 

radiant  energy,  in  falling  intermittently  upon  the  ebonite  disc, 

produce  sound,  to  what  particular  branch  of  these  rays  is  the  sound 

due  ?    Is  it  due  to  waves  of  higher  refrangibility,  to  waves  of 

lower  refrangibility,  to  what  of  old  was  spoken  of  as  light,  or  to 

what  is  more  frequently  spoken  of  as  radiant  heat  ?    Mr.  Graham 

Bell,  in  his  original  paper  before  this  Society,  attributed  it  to  the 

light.     M.  Mercadier,  who  was  the  first  to  take  up  this  subject  in 

Europe,  and  who  worked  at  it  with  great  energy,  proved  that  they 

really  belonged  to   the  red  and   ultra-red  rays,  and  that  they 

varied  with  the  substance  used^  as  a  disc ;  and,  as  I  have  already 

said.  Dr.  Tyndall  stated  in  this  room  that  he  believed  the  effect 

was  due  to  radiant  heat.     I  think  we  shall  in  the  next  experiment 

be  able  to  show  that  it  is  not  the  effect  of  light  but  of  radiant  heat. 

Exp.  2. — Ebonite  is  almost  absolutely  opaque :  with  a  powerful 

light  (such  as  the  electric  light  or  the  sun)  a  dull  red  gleam  may 

be  seen  through  it  if  it  be  thin  enough,  but  to  all  intents  and 

purposes  ebonite  is  opaque  to  light.     Ebonite,  however,  allows  the 

lower  rays  of  the  spectrum  to  pass  through  it :  the  extreme  verge 

of  the  red,  and  all  the  lower  rays  pass  through  thin  ebonite, 

Capt.  Abney  has  succeeded  in  photographing  the  carbons  of  an 

electric  light  through  a  dark  piece  of  ebonite^  and  has,  in  fact, 

photographed  the  spectrum  through  that  material 

Therefore,  on  holding  a  thin  sheet  of  ebonite  in  an  intermediate 

position  between  the  lens  and  the  receiving  case,  I  shut  off  the 

light  from  the  latter.     But  does  that  cause  the  sounds  to  cease? 

Prof.  Hughes  :  No  ;  I  can  hear  the  sound  as  clearly  as  before. 

Mr.  Pbeece  (continuing') :  That  experiment  proves  that  the 
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effect  is  not  one  due  to  the  light,  but  to  the  heat  rays  which  pass 
through  the  dark  ebonite. 

Mr.  Graham  Bell,  in  his  excellent  paper,  to  which  I  have 
already  referred,  has  accepted  this  conclusion ;  but  he  has  carried 
the  proof  a  step  further,  and  has  shown  (as  I  will  also  show  you 
presently)  that  the  effect  not  only  varies  with  the  substance  upon 
which  the  rays  fall,  but  with  the  colour  of  the  substance.  Hence 
the  conclusion  is  clear  that  the  sounds  are  due  to  the  conversion  of 
radiant  energy  into  thermometric  heat.  The  rays  of  radiant  energy 
passing  from  the  lamp  on  to  the  disc  become  converted  on  the 
disc  into  thermometric  heat,  and  produce  sound. 

Then  comes  the  question.  How  is  the  sound  produced?  Is  it 
an  effect  due  to  the  direct  expansion  and  contraction  of  the  mass 
upon  which  the  light  falls  ?  It  is  very  easy  to  understand  that  if 
light  fell  on  a  substance  like  ebonite,  and  if  that  expanded  with 
the  heat,  and  contracted  when  the  heat  was  removed,  and  if  the 
periods  of  expansion  and  contraction  followed  each  other  with 
suflBcient  rapidity,  we  should  get  an  expansion  and  contraction  of 
the  air  in  contact  with  the  thin  disc,  which  would  be  transmitted 
to  the  tympanum  of  our  ears  and  there  produce  sound.  The 
assumption  of  the  expansion  and  contraction  of  a  mass  of  material 
like  this  involves  a  question  of  time.  To  expand  and  contract  a 
body — to  heat  and  cool  a  body — involves  time.  Although  Lord 
Rayleigh,  in  a  paper  that  he  wrote,  showed  that  it  was  possible,  by 
the  rapid  heating  and  cooling  of  a  body,  to  produce  this  rapid 
expansion  and  contraction,  and  although  Mr.  Qraham  Bell  (in  a 
paper  about  to  appear  in  the  scientific  journals)  maintains  the  same 
position,  yet,  with  all  the  skill,  pains,  and  care  that  Mr.  Stroh 
and  I  have  devoted  to  the  matter,  in  the  ordinary  instruments, 
we  have  failed  to  obtain  any  evidence,  or  at  any  rate  suflBcient 
evidence,  of  expansion  and  contraction  of  these  discs  to  account 
for  the  sonorous  vibrations  which  Professor  Hughes  just  told  you 
he  heard.  Mr.  Qraham  Bell,  in  his  paper  (to  which  I  have  just 
referred),  does  not  consider  that  the  experiments  I  have  made  are 
suflSciiBntly  adequate  to  account,  even  in  a  negative  sense,  for  this 
view  of  the  question.  I  consider  it  perfectly  and  absolutely  proved 
that,  under  the  influence  of  such  a  light  ae  the  oxyhydrogen  light, 
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we  cannot  produce  these  sounds  in  that  way ;  but  the  solar  rays 
may  be  more  powerAiI  in  Washington,  where  Mr.  Graham  Bell 
carried  out  his  experiments.  .  We  have  osed  that  most  sensitiye 
instrument  the  microphone,  attached  to  the  disc  and  case  in  every 
form,  to  try  and  prove  the  existence  of  the  mechanical  vibration 
of  the  disc,  and  we  have  failed.  Therefore  we  may  say,  un. 
hesitatingly,  that  the  sounds  are  not  due  primarily  to  the  expansion 
and  contraction  of  the  disc. 

Are  the  sounds  due  to  molecular  pressure  ?  What  is  molecular 
pressure  1  I  have  here  a  radiometer  devised  by  Mr.  Crookes,  and 
which  is  one  of  the  prettiest  and  most  beautiful  instruments 
devised  by  any  scientific  man  for  some  time.  Here  is  also  a 
candle,  the  rays  from  which  are  falling  upon  the  radiometer.  The 
radiometer  consists  of  an  aluminium  cross,  upon  which  are  fixed 
four  vanes,  the  whole  beins;  enclosed  in  an  exhausted  glass  bulb. 
The  vanes  are  also  of  aluminium,  one  side  of  them  being  lamp, 
blacked  by  exposure  to  flame,  and  the  other  side  bright  and  plain. 
The  action  of  the  radiometer  is  due  to  the  motion  of  the  molecules 
of  the  residual  gas  in  the  bulb.  The  molecules  are  highly  elastic, 
and  they  obey  the  laws  of  the  impact  of  solid  and  elastic  bodies. 
They  beat  against  the  sides  of  containing  vessels  with  a  force 
which  is  called  "pressure,  and  they  beat  against  the  face  of  any 
surface  exposed  to  them  with  a  force  which  becomes  mechanical 
and  evident  when  this  surface  is  so  arranged  as  to  move  and  be 
unequally  acted  upon  by  the  molecules  on  different  sides.  Radiant 
energy  falling  on  a  white  surface  is  reflected  off  again  without  any 
change,  but  falling  on  a  black  surface  it  is  absorbed  and  converted 
into  thermometric  heat.  Whenever  the  temperature  of  a  body  is 
raised,  it  warms  the  molecules  striking  it,  which  move  away  firom 
it  with  increased  velocity  ;  and,  as  action  and  reaction  are  alwajrs 
alike,  in  moving  away  they  give  the  body  a  **  kick,"  molecular 
pressure  is  produced,  which,  in  the  case  of  the  vanes  of  the  radio, 
meter,  causes  rotation.  It  is  a  somewhat  analogous  phenomenon  to 
that  which  we  have  seen  in  the  **  Little  Marvel"  steam-engine,  in 
an  ordinary  lawn  sprinkler,  where  water  is  scattered  over  a  grass 
plot,  and  in  the  well.known  electric  fly.     But  in  the  radiometer 
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the  external  glass  case  plays  an  important  feature?  If  the  vanes 
were  fixed,  the  external  case  would  rotate.  There  is,  in  fact,  a 
OQolecular  wind  between  the  two  surfaces,  blowing  from  the  warm 
surface  to  the  cold  one.  The  existence  of  this  bombardment  of 
molecules  has  been  incontestal;)l7  proved  by  Mr.  Crookes  in  that 
beautiful  modification  of  his  radiometer,  the  otheoscope,  where 
the  mind's  eye  can  see  clearly  and  unmistakably  the  little  bullets 
striking  the  disc  in  an  incessant  shower  from  the  lampblacked 
vanes.  Here  we  have  the  vanes  rotating  iii  one  direction,  and  the 
disc  moving  in  the  reverse  direction.  Two  surfaces  are  always 
necessary  to  produce  this  radiometric  effect.  In  the  radiometer 
we  have  the  vanes  and  containing  glass,  but  in  the  air,  at  ordinary 
pressures,  the  opposing  surface  would  be  a  cushion  formed  by  the 
air  itself. 

If  ^e  vanes  of  the  radiometer  were  fixed,  and  the  rays  from 
the  candle  xiere  caused*  to  fall  intermittently  on  the  radiometer, 
you  would  have  all  the  conditions  required  to  produce  a  motion 
that  would  result  in  sonorous  vibration.  If  an  ebonite  disc  were 
fixed  inside  the  case,  and  intermittent  light  allowed  to  fall  upon 
it,  then,  according  to  the  theory  of  the  radiometer,  vibrations 
would  be  produced  by  molecular  pressure,  which  would  result  in 
sound.  That  was  the  view  taken  by  M.  Mercadier  when  offering 
an  explanation  of  the  phenomena ;  but  all  the  experiments  made 
by  Mr.  Stroh  and  myself  were  purely  negative,  and  showed  that 
there  may  be  an  effect  of  molecular  pressure,  but,  if  there  be,  it  is 
so  small  that  it  cannot  account  for  these  sonorous  vibrations. 

The  next  question  is,  Is  it  a  function  or  case  of  vibration  of 
the  disc  at  all  ?  Professor  Hughes,  who  was  present  at  the  experi- 
ments,  suggested  that  it  might  be  the  vibration  of  the  air  itself. 
To  answer  this  question  we  immediately  set  to  work.  Mr.  Graham 
Bell  still  maintains  that  the  disc  does  vibrate,  and  will  not  admit 
that  the  experiments  given  in  my  paper  before  the  Royal  Society 
are  conclusive,  but  adheres  to  his  own  original  idea  (for  the  pre- 
sent, at  any  rate),  that  it  is  the  action  of  light  upon  the  discs 
themselves,  and  will  not  admit  that  it  is  due  to  the  expansion  of 
air.     But  M.  Mercadier,  curiously  enough,  has  shown  that  he  got 
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the  sounds  just  the  same  though  the  disc  were  cracked ;  and  on  my 
recent  visit  to  Paris  he  was  kind  enough  to  give  me  a  disc  which 
is  cracked  in  all  directions,  but  nevertheless  emits  sounds  as  if  it 
were  intact.  That  must  be  sufficient  to  show  that  the  sounds  are 
not  produced  by  the  vibration  of  the  disc,  for  we  all  know  that 
cracked  bells  do  not  give  the  same  sounds  as  when  uncracked. 
Again>  experiments  show  that,  whether  the  disc  be  of  ebonite, 
mica,  zinc,  paper,  copper,  or  various  other  things,  the  sound  given 
is  always  of  the  same  timbre — of  the  same  character  of  note.  If 
the  sounds  were  due  to  the  vibration  of  the  disc,  different  sub- 
stances would  emit  different  sounds. 

We  will  now  remove  the  disc  from  the  case>  and  see  if  any 
difference  is  apparent. 

Professor  HUGHES :  The  sound  seems  louder. 

Mr.  Pbeecb  :  That  is  my  experience — that  the  removal  of  the 
disc  increases  the  loudness  of  the  sound. 

Professor  Hughes:  If  I  squeeze  the  flexible  tube  I  get  no 
sound,  which  proves  that  if  the  air  is  cut  off  no  sound  passes. 

Mr.  Pbbece  :  That  is  a  new  experiment.  Now,  having  shown 
that  it  is  not  the  vibration  of  the  disc, — that  the  sound  is  absolutely 
improved  by  the  removal  of  the  disc, — ^we  have  to  ask  ourselves 
whether  it  is  due  to  the  expansion  of  the  air.  In  this  particular 
case  the  air  has  been  confined  by  a  disc  of  glass ;  but  this  disc  is  a 
thick  lens,  so  that  it  is  scarcely  possible  to  believe  that  the  vibra. 
tions  could  have  been  caused  by  it  It  is  replaced  by  a  thin  glass, 
without  any  change  in  the  sound. 

We  will  now  try  the  effect  of  gently  removing  the  glass  while 
the  intermittent  light  is  falling  on  the  case. 

Professor  Hughes  :  The  sound  has  ceased. 

Mr.  Pbbboe  :  Yes ;  the  moment  the  confined  air  is  allowed  to 
expand  in  another  direction  by  the  removal  of  the  glass,  the  sound 
ceases,  so  that  really  the  sound  can  only  be  made  evident  as  long 
as  the  air  is  confined.  This  experiment  has  been  confirmed  by 
M.  Mercadier,  and  by  Messrs.  Bell  and  Tainter.  Many  kinds  of 
cases  were  tried,  conical,  spherical,  and  rectangular ;  but  the  one 
best  suited  proved  to  be  the  form  you  now  see. 
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The  arrangement  adopted  in  America  by  Messrs.  Bell  and  Tainter 
is  very  similar  to  that  now  shown  you,  it  being  as  follows  :— 


^7  The  mode  of  measuring  the  relative  intensities  of  sounds 
emitted  by  dififerent  materials  in  different  arrangements  is  very 
interesting.  The  instrument  best  adapted  for  the  purpose  is  Pro- 
fessor Hughes'  sonometer  (such  as  the  one  before  you),  but,  as  the 
actual  measurement  by  this  instrument  takes  time,  I  will  not 
delay  you  by  using  it :  we  will  rely  only  upon  Professor  Hughes 
giving  us,  by  ear,  the  approximate  values.  Professor  Hughes' 
sonometer  indicates,  by  a  graduated  scale  extending  from  zero  to 
100,  the  different  intensities  of  sound.  Mr.  Tainter  has  adopted 
a  different  arrangement  to  give  the  same  comparisons.  The 
following  diagram  will  explain  Mr.  Tainter's  plan : — 


:::-;:;:;:r-w.:^^^ 


Two  tubes  (E)  are  connected  to  an  india-rubber  tube  (M),  at 
the  end  of  which  is  an  ear.piece.  When  the  sounds  emitted  in 
two  cases  (one  at  the  end  of  each  tube)  are  of  equal  intensity,  the 
comparison  is  simple ;  but  if  one  sound  is  louder  than  the  other, 
the  case  emitting  it  has  to  be  moved  further  away,  until  a  point  of 
equal  intensity  is  reached.  Direct  measurement  is  obtained  by 
the  ear,  and  the  relative  intensities  are  compared  by  the  positions 
of  the  cases  on  a  graduated  scale. 

Having  shown  that  the  sounds  are  due  to  the  impact  of  waves 
of  radiant  energy,  let  us  see  if  they  cannot  be  improved.  It  is 
VOL.  X.  16 
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quite  evident  that  if  the  sounds  be  due  to  the  expansion  and  con- 
traction  of  the  air  contained  in  the  case,  then,  if  by  any  means  we 
can  in  the  same  periods  increase  the  temperature  within  that 
case,  we  shall  increase  the  extent  of  those  contractions  and  ex. 
pansions.  I  have  already  explained  that,  when  rays  of  radiant 
energy  fall  on  lampblack,  they  are  converted  from  radiant  heat 
into  thermometric  heat  Now  if  we  take  a  clean  case  (here  is  one) 
and  attach  it  to  the  tube,  we  may  assume  that  no  sound  is  given ; 
but  Professor  Hughes  will  perhaps  kindly  say. 

Professor  Hughes  :  There  is  a  very  weak  sound,  of  an  intensity 
of  about  5. 

Mr.  PbeeoK:  That  is  owing  to  the  case  not  being  perfectly 
clean.  If  we  now  black  the  same  case  with  fumes  of  burning 
camphor — [Mr.  Stroh  does  so] — ^we  will  note  the  diflTerence. 

Professor  HUGHES :  I  estimate  the  intensity  of  the  sound  now 
emitted  at  50  or  45  increase  above  the  last  experiment. 

Mr.  PliBECB :  M.  Mercadier  and  Mr.  Sumner  Tainter  have,  by 
totally  different  experiments,  confirmed  this  effect  of  coating  the 
case  with  lampblack.  M.  Mercadier  employed  a  test  tube,  such 
as  the  one  I  now  hold,  which  contains  a  piece  of  mica  coated  wiUi 
lampblack.  If  the  test  tube  be  held  in  the  path  of  the  intermit, 
tent  oxyhydrogen  light,  and  the  hearing  tube  attached  to  it,  we 
shall  get  sounds. 

Professor  Hughes :  Yes;  the  sound  is  very  intense,  but  is 
immediately  cut  off  by  squeezing  the  hearing  tube. 

Mr.  Pbeece  :  If  we  substitute  a  larger  test  tube  containing  a 
piece  of  wire  gauze  (for  that  containing  the  mica),  covered  with 
lampblack,  as  employed  by  Messrs.  Bell  and  Tainter,  I  am  in 
hopes  that  the  sound  will  be  sufficiently  loud  to  be  heard  by  all  the 
members  present.     [This  was  so.] 

Another  form  of  the  same  kind  of  experiment  is  that  of  using  a 
glass  flask  coated  inside  with  lampblack.  But  Messrs.  Bell  and 
Tainter  have  gone  still  further,  and,  instead  of  using  lampblack, 
they  have  placed  worsted  in  the  test  tubes.  I  have  here  tubes  con- 
taining  worsted  of  different  colours,  and,  as  Bell  and  Tainter  have 
shown,  according  to  the  quantity  of  heat  which  each  of  the  colours 
ought  to  radiate  from  this  degradation  of  radiant  energy  into 
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thermometric  heat,  so  is  the  eflfect  produced.     We  will  try  one^or 
two  of  them. 

The  tube  Dot  containing  any  worsted,  but  lampblack,  is  now 
under  experiment. 

Professor  HuGHES :  I  ^ould  think  the  sound  is  about  75. 

Mr.  Pebbcb  :  Blue  worsted. 

Professor  Hughes  :  10. 

Mr.  Pbeecb  :  Green  worsted. 

Professor  HUGHBS :  Say  13.    The  sounds  are  very  light. 

Mr.  Pbbbcb  :  Yellow  worsted. 

Professor  HuGHBS :  20. 

Mr.  Pbbbcb  :  Red  worsted. 

Professor  HuGHBS:  Not  so  loud  as  I  should  have  expected: 
about  20. 

Mr.  Pbbbcb  :  Black  worsted. 

Professor  HUGHBS :  Very  loud  :  40  or  50. 

Mr.  Pbbbcb  :  That  series  of  experiments  affords  direct  proof 
that  the  intensity  of  the  sounds  varies  with  the  power  which  the 
substance  has  to  convert  the  rays  of  radiant  energy  into  thermo- 
metric  heat.  Mr.  Qrabam  Bell  ako  proved  that  the  loudest  sounds 
were  produced  from  substances  in  a  loose,  porous,  spongy  condition, 
and  from  those  that  have  the  darkest  or  most  absorbent  colours. 
He  has  experimented  with  sponge,  spongy  platinum,  cotton,  cork, 
and  a  host  of  other  materials,  and  says  that  in  some  cases  '*  the 
sound  was  so  loud  as  to  be  actually  painful  to  the  ear." 

Cannot  these  effects  be  produced  by  other  means  ?  Instead  of 
using  tubes,  and  flasks,  and  cases,  let  us  take  a  little  case  which 
has  inside  it  a  spiral  of  thin  platinum  wire.  If  currents  of  elec- 
tricity  pass  through  that  wire,  for  every  current  sent  the  wire 
becomes  heated  in  direct  proportion  to  the  strength  of  the  current 
passing,  and  if  that  be  so,  we  oucrht  to  get  the  same  effect  as  has 
just  been  obtained  in  the  tubes.  I  have  a  glass  tube  here  containing 
two  wires,  at  the  top  of  one  of  which  there  is  a  small  coil  of 
platinum  wire.  That  coil  is  in  an  electric  circuit,  a  wheel-brake 
being  used  for  sending  intermittent  currents.  The  wheel-brake, 
or  transmitter,  is  downstairs,  and  Mr.  Kempe  has  now  gone  to 
turn  it. 

Professor  ADAMS  (listening) :  I  can   hear  sounds,  which  go 
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liigher  as  the  wheel  is  more  rapidly  rotated  ;  I  can  also  feel  that 
the  tube  is  becoming  hot. 

Mr.  PsEBOB :  If  we  substitute  an  ordinary  microphone  trans, 
mitter,  instead  of  the  wheel-brake,  we  shall  have  a  more  delicate 
arrangement ;  and,  if  Mr.  Kempe  speaks  to  the  transmitter,  similar 
■oimds  will  be  heard  from  the  tube,  which  is  in  reality  a  new  kind 
of  telephone. 

Professor  Adams  :  Yes ;  I  heard  the  names  of  the  months,  and 
nombors  1  to  20. 

Mr.  Pbeboe:  That  is  a  telephone  based  entirely  upon  the 
production  of  heat  by  currents  of  electricity  and  the  sonorous  yibra- 
tians  induced  by  that  heat. 

To  revert  to  the  test  tube  experiments,  I  forgot  to  show  you 
a  yery  interesting  experiment  of  M.  Mercadier*s.  Instead  ot 
taking  a  disc  having  one  series  of  holes,  we  use  one  having  four 
series  of  holes  in  proper  progression,  and,  when  the  rays  of  light 
fall  intermittently  from  these  holes  on  the  test  tube,  instead  of  a 
note  a  chord  is  produced. 

Professor  HUGHES  :  I  can  hear  sounds,  but  they  only  form  an 
imperfect  minor  chord. 

Mr.  PREEOE  (continuing) :  Messrs.  Bell  and  Mercadier  have 
made  one  step  in  advance,  and,  with  that  curious  simultaneity  ihsX 
often  follows  scientific  men  who  are  pursuing  the  same  path,  their 
results  were  published  in  Paris  on  Monday  night  last  at  the  same 
time  when  they  both  announced  that  they  had  succeeded,  in. 
dependently  of  each  other,  in  transmitting  articulate  speech  by 
the  aid  of  a  lampblacked  surface  and  the  rays  of  the  sun.  The 
following  diagram  shows  the  arrangement  of  their  experiment . — 
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It  is  a  somewhat  similar  arrangement  to  that  of  the  photophone. 
The  rays  of  the  sun  fall  upon  a  silver  disc  which,  when  vibrated 
by  the  voice,  varies  the  form  and  character  of  the  rays  which  fall 
upon  a  lampblacked  surfetce  at  a  distance.  The  distance  is  not  given, 
but  it  must  have  been  something  beyond  the  reach  of  the  ordinary 
voice.  M.  Mercadier,  in  a  letter  I  have  just  received  from  him, 
says  that  ''he  presented  to  the  Academy  of  Science  a  note  on  the 
reproduction  of  the  voice  by  the  aid  of  the  themophone.  At  the 
same  time  there  arrived  a  memoir  from  Qraham  Bell  indicating 
that  he  had  equally  succeeded  on  his  side  in  reproducing  the  toice 
without  selenium  and  without  electricity.  We  have  therefore,  both 
of  us,  without  knowing  it,  at  the  same  time  arrived  at  the  same 
result.  It  was  the  day  after  your  visit  that  I  made  the 
experiment" 

Mr.  Qraham  Bell  has  also  succeeded  in  replacing  the  selenium 
in  his  photophone  by  means  of  a  lampblacked  cell.  He  has  coated 
glass  with  a  thin  coating  of  silver,  and  has  scratched  on  the  glass  a 
zigzag  curve,  separating  the  glass  into  two  parts,  which  are 
connected  by  means  of  a  thin  layer  of  lampblack.  This  arrange, 
ment  he  puts  into  the  photophone  in  the  same  manner  that  he 
inserted  the  selenium  cell,  and  by  its  aid  has  succeeded  in  hearing 
sounds  and  words.  Mr.  Shelford  Bidwell  (another  earnest  worker 
in  this  field)  has  also  tried  this  experiment,  but  has  not  succeeded ; 
Mr.  Stroh  has  been  equally  unsuccessful ;  and  the  only  way  ia 
which  I  can  account  for  Qraham  Bell's  success  is,  that  he  has  been 
fortunate  in  making  his  experiments  at  Washington  where  the  rays 
of  the  sun  are  more  powerfully  charged  with  radiant  energy  thaa 
those  with  which  we  have  been  able  to  experiment  with. 

I  will  only  delay  you  a  little  longer,  to  explain  to  you  the 
theory  which  I  offer  as  accounting  for  these  phenomena.  I  con- 
ceive  that  the  cause  of  these  phenomena  must  be  common  to  them 
all,  and  a  theory  can  only  be  satisfeustory  which  will  account  for  all 
of  them  without  exception.  Mr.  Qraham  Bell  in  his  last  paper  hat 
attempted  a  theory  which  I  am  bound  to  confess  I  cannot  accept, 
and  I  question  very  much  whether  it  will  be  generally  accepted. 
He  looks  upon  lampblack  as  a  sponge,  which  becomes  enlarged 
when  warm  and  contracted  when  cold ;  that  as  this  sponge  expands 
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and  contracts  it  squeezes  out  air  or  allows  air  to  c<Hue  into  it ;  and 
that  it  is  the  expansion  and  contraction  of  this  spongy  mass  whidi 
throws  the  air  into  motion  and  produces  sonorous  vibrations. 
That  theory  Mr.  Graham  Bell  has  adopted  and  enlarged  upon; 
but  I  must  confess  that  I  do  not  agree  with  it. 

Starting  fiom  the  radiometer,  and  from  the  theory  that  I  gave 
you  of  that  instrument,  I  want  you  to  fix  your  mind's  eye  on  the 
motion  of  the  molecules. 

In  the  radiometer  we  have  an  experiment  that  gives  us  ocular 
demonstration  of  the  existence  of  the  motion  of  molecules.  The 
contact  of  the  air  on  the  lampblacked  surface  produces  motion  of 
that  air.  Here  is  a  radiometer,  the  vanes  of  which  are  inclined  at 
an  angle,  and  above  these  vanes  is  affixed  a  flat  disc  of  mica.  The 
disc  has  no  connection  whatever  with  the  vanes  of  the  radiometer ; 
but  if  there  be  a  shower  of  molecules  from  the  surface  of  those 
vanes,  that  shower  of  molecules  must  strike  the  flat  disc,  and  cause 
it  to  rotate  in  an  opposite  direction  to  the  motion  of  the  vane& 
[A  candle  was  then  brought  near  to  the  radiometer,  containing  the 
inclined  vanes  and  disc  of  mica,  and  the  result  was  as  described — 
a  rotation  of  the  disc  in  a  direction  contrary  to  that  of  the  vanes.] 
If  any  experiment  could  possibly  carry  conviction  into  men's 
minds,  it  is  this  beautiful  one  of  Mr.  Crookes'. 

I  say  that  when  the  rays  of  radiant  energy  fall  on  the  black 
mass  they  convert  it  into  a  warmer  substance,  and  in  that  condition 
the  molecules  of  air  strike  it  and  rebound  with  increased  velocity, 
thus  producing  greater  pressure,  which  causes  the  air  to  expand. 
The  air  in  expanding  strikes  the  tympanum  of  the  ear,  which 
responds  to  these  expansions,  which  are  thus  nothing  more  nor  leas 
than  sonorous  vibrations.  If  we  fill  (as  indeed  I  ought  to  have 
done)  one  of  the  test  tubes  with  the  dark  heavy  smoke  of  camphor, 
precisely  the  same  effect  would  have  been  noticed.  The  sounds 
would  have  been  produced  by  the  molecules  of  air  striking  the  sur- 
face of  the  smoke  and  flying  away  with  increased  velocity. 

Tobacco  smoke  under  similar  conditions  gives  similar  results. 
If,  instead  of  smoke,  absorbent  gases  were  used,  the  result  would 
still  be  the  same.  Here  is  a  clean  flask  out  of  which  we  will  tij 
to  get  sounds.     If  it  be  perfectly  dean,  and  the  air  perfectly  dry 


188L1  BADIOPfiONY.  287 

we  ought  to  get  no  sounds,  because  there  is  no  surface  upon  whicb 
the  rays  of  radiant  energy  can  become  converted  into  tbermometric 
heat  [There  were  no  sounds  apparent.]  I  will  now  pat  some 
anmionia  in  the  flask,  and  when  the  ammonia  has  evaporated  the 
flask  will  contain  vapour  of  ammonia,  which  will  provide  a  sub- 
stance for  the  rays  of  radiant  energy  to  fall  upon  and  be  converted 
into  tbermometric  beat;  and  sounds  should  be  emitted. 

Professor  Hughes  :  Tes ;  the  sound  is  quite  distinct  now. 

Mr.  Pbeece  :  By  this  theory  we  account  in  a  very  simple  way 
for  the  remarkable  property  that  vapour  of  water,  of  sulphuric 
acid,  of  ether,  ammonia,  and  many  others,  as  Dr.  Tyndall  has 
shown,  are  absorbents  of  beat  rays. 

The  last  instrument  and  fact  I  have  to  bring  before  you  which 
Professor  Bell  has  given  to  science  is  the  spectrophone.  He  has 
succeeded,  by  the  aid  of  this  instrument^  in  exploring  the  idtra- 
red  portion  of  the  spectrum  which  has  hitherto  been  beyond  the 
reach  of  our  senses.  Intermittent  rays  of  light  pass  through  the 
collimator,  and  prism  of  a  spectroscope,  to  a  tube  containing  wire 
netting,  lampblacked, — this  being  substituted  for  the  eye-piece,—* 
and  by  this  means  Mr.  Qraham  Bell  has  been  able  to  explore  by 
the  ear  a  portion  of  the  spectrum  that  has  bitherto  been  a  tmra 
incog.  As  far  back  as  1842,  Dr.  J.  W.  Drap^,  of  New  York,  dis- 
covered that  there  was  a  dark  region  of  the  spectrum  to  be  explored. 
He  discovered  three  dark  lines,  which  he  called  a,  )8,  and  7. 
Last  year  Capt.  Abney  succeeded  in  photographing  this  region  of 
the  spectrum,  and  now  Mr.  Qraham  Bell  has  explored  it  with  his 
spectropbone.  His  results  show  that  the  maximum  soimd  is  given 
in  different  parts  of  the  spectrum  according  to  the  quality  and 
character  of  the  material  used.  For  instance,  he  finds  with  lamp« 
black  (as  we  have  found  in  England)  that  the  maximum  sound  is 
given  amongst  the  ultra-red  rays  low  down  in  the  spectrum.  With 
red  worsted  he  finds  that  the  maximum  effect  is  given  in  the  green, 
and  it  is  just  in  that  part  of  the  green  spectrum  where  the  red 
becomes  black.  If  any  of  you  have  ever  ny>ved  a  red  subject  in 
the  field  of  a  spectrum,  you  will  have  found  that  when  you  got  into 
the  green  the  red  became  black,  and  there  it  gives  the  maximum 
sound.    Just  in  the  same  way,  where  you  take  a  green  substance 
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and  move  it  is  the  spectrnm,  you  will  find  that  in  the  red  portion 
it  becomes  black,  and  there  it  gives  the  maximum  sound.  The 
following  is  the  table  of  the  distribution  of  heat  in  the  spectrum 
arriyed  at  by  Bell's  exploration : — 


Lamp  Black 

maximum  Ultra-red. 

Red  Worsted      ... 

99 

Green. 

Sulphuric  Ether... 

99 

Red. 

Iodine 

99 

Green. 

Peroxide  of  N.    ... 

99 

Blue. 

Selenium     

99 

Red. 

With  regard  to  these  experiments,  Mr.  Graham  Bell  says: 
''Although  the  experiments  so  far  made  can  only  be  considered 
as  preliminary  to  others  of  a  more  refined  nature,  I  think  we  are 
warranted  in  concluding  that  the  nature  of  the  rays  that  produce 
sonorous  effects  in  different  substances  depends  upon  the  nature 
of  the  substances  that  are  exposed  to  the  beam,  and  that  the 
sounds  are  in  every  case  due  to  those  rays  of  the  spectrum  that  are 
absorbed  by  the  body.'* 

Professor  W.  G.  Adams  :  I  need  scarcely  ask  you  to  pass  a 
vote  of  thanks  to  Mr.  Preece  for  his  communication,  seeing  that  you 
have  already  signified  your  approval  by  the  way  you  have  received 
it.  Mr.  Preece  has  given  us  an  account  of  the  principal  results 
which  have  been  arrived  at  by  various  investigators,  and  in  his 
last  few  remarks  has  given  us  some  very  interesting  facts  which 
Profestor  Bell  has  discovered  with  regard  to  the  spectrum.  In  the 
copy  of  Natv/re  which  is  published  to-day  will  be  found  an  account 
of  Professor  Bell's  latest  investigations  on  this  subject.  I  will  not 
further  occupy  your  time  with  any  remarks  of  my  own,  but  invite 
discussion  on  this  interesting  subject. 

Dr.  MOSEB :  As  time  has  very  much  advanced,  I  shall  mention 
only  the  result  of  investigations  I  have  made  with  the  selenium 
photophone.  I  melted  selenium  on  copper  plates,  and  annealed  it ; 
in  shorty  I  treated  it  in  the  same  manner  in  which  I  had  obtained 
photophonic  cells  yielding  a  good  sound.  Then  I  observed  that  the 
selenium,  or  rather  the  Cut  Se,  split  off  from  the  copper  plate,  sc 
that  there  remained  between  the  copper  and  the  selenium  only  a 


1881.]  BADIOPHONY.  229 

yeiy  imperfect  and  slight  contact.  In  the  selenium  cell  this  contact 
is  influenced  by  radiation,  and  thus  the  selenium  photophone  is 
nothing  else  than  a  microphone.  It  is  most  similar  to  that  form  of 
the  microphone  which  has  been  described  as  the  thermoscope.  I  do 
not  deny  that  radiation  will  influence  the  conductivity  and  the 
energy  of  the  selenium  in  its  four  allotropic  modifications.  But  in 
the  essential  part  the  efficiency  of  the  photophonic  selenium  receiver 
is  the  same  us  that  of  any  other  microphom'c  (thermoscopic)  receiver. 
As  to  the  radiophonic  phenomena,  I  see  no  reason  to  separate  the 
selenium  from  all  other  bodies.  I  think  we  have  to  join  it  rather 
to  all  these  bodies,  the  effect  of  radiation  on  which  Mr.  Preece  has 
just  now  so  clearly  demonstrated,  and  thus,  I  believe,  there  is  no 
hope  of  discovering  any  unknown  power  or  new  relation  of  forces 
ia  the  selenium. 

Mr.  B.  £.  Cbompton  :  I  should  like  to  ask  Mr.  Preece  if  he 
really  means  that  the  intermittent  radiance  is  communicated 
directly  to  the  air,  and  not  indirectly  by  means  of  the  walls  of  the 
confined  chamber,  one  side  of  which  is  a  piece  of  glass  ?  Does  he 
mean  that  the  molecular  disturbance  which  takes  place  in  the 
walls  of  the  chamber  does  not  play  the  leading  part  in  producing 
the  sound  that  we  hear  in  the  ear.piece  1 

Again,  Mr.  Preece  says  that  no  measurable  expansion  of  the 
substance  receiving  the  intermittent  radiance  has  yet  been  observed. 
No  doubt  the  molecular  movements  giving  the  sounds  can  hardly 
be  dignified  by  the  terms  of  expansions  and  contractions,  which 
latter  movements  are  the  sum  of  the  increased  or  diminished 
amplitude  of  swing  of  the  whole  of  the  molecules  forming  the 
substance.  It  is  noticeable  that  the  substances  which  appear  to  give 
the  loudest  sounds  are  those  which  appear  to  conduct  heat — in  other 
words,  communicate  the  heat  vibrations  the  slowest.  The  molecular 
movements  we  are  now  discussing  may  be  movements  simply 
of  the  surface  molecules,  may  be  very  considerable,  and  yet  be 
utterly  unobservable  by  any  instruments  we  have  at  present.  One 
would  imagine  that  the  first  effect  of  intermittent  radiance  striking 
on  the  surface  of  the  diaphragm  would  be  that  the  molecules  on 
its  surfetce  would  have  the  swing  of  their  motion  amplified,  and 
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that  this  alone  would  be  quite  sufficient  to  communicate  vibratoiy 
naovement  to  the  air,  without  the  molecules  throughout  the  body 
of  the  substance  having  to  be  set  in  motion ;  and  it  is  not  until  the 
amplitude  of  the  whole  of  the  molecules  is  increased  that  measurable 
expansion  can  at  all  be  obtained. 

Mr.  W.  H.  Fbebob:  With  regard  to  the  question  asked  by 
Mr.  Crompton,  I  had  hoped  that  I  had  made  it  perfectly  clear 
that  my  theory  was  that  the  walls  of  the  air  space  played  the 
fundamental  feature  in  the  phenomena,  and  that  the  rays  of 
radiant  energy  which  passed  through,  without  having  the  least 
effect  or  influence  directly  on  the  air  molecules,  converted  the  walls 
of  the  containing  space  into  a  warm  surface,  and  that»  owing  to 
the  warming  of  that  surface,  greater  motion  was  imparted  to  the 
molecules  of  the  air  in  contact,  which  caused  variations  of  pressure, 
and  so  produced  sonorous  vibrations.  Seeing  that  the  first  essential 
feature  of  this  production  of  sonorous  vibrations  is  that  there  shall 
be  a  surface,  whether  it  be  the  lampblacked  interior  surface  of  a 
wooden  case,  whether  it  be  the  worsted  placed  inside  the  tube, 
whether  it  be  the  lampblack  deposited  upon  the  side  of  a  flask,  or 
whether  it  be  a  wire  gauze  coated  with  lampblack,  the  existence 
of  lampblack,  or  some  such  absorbent  matter,  is  the  fundamental 
feature  of  the  phenomena — it  is  the  spot  where  the  radiant 
heat  is  converted  into  thermometric  heat,  and  where  the  play  of 
the  molecules  is  produced  that  results  in  sonorous  vibrations. 

Next,  as  regards  the  measurement  of  molecular  motions*  The 
most  delicate,  the  most  sensitive  instrument  that  we  possess  for  the 
detection  of  minute  motions  is  the  microphone.  The  microphone, 
as  you  all  have  heard,  has  succeeded  in  making  the  motion  of  a  fly 
appear  like  the  tramp  of  a  horse  across  a  bridge.  That  may  have 
been  the  mere  exaggeration  of  a  penny-a-liner,  but  the  fact  is  that 
whatever  motion  exists  to  produce  sonorous  vibration  is  detectable 
by  the  microphone.  We  have  not  succeeded,  by  the  most  delicate 
tests,  in  proving  the  existence  of  any  molecular  motion  in  any  hard 
substance  we  have  experimented  upon,  but  Professor  Bell  has. 
Professor  Bell  has  succeeded  with  a  microphone — a  Blake  trans* 
mitter — in  obtaining  soimds,  but  that  was  due  no  doubt,  as  I  have 


1881.] 


£LECTIOK  OF  N£W  MEMBEBB  AND  ASSOCIATES. 


231 


said,  to  the  intense  rays  of  the  sun  at  the  time  of  the  experiment. 
I  have  not  the  slightest  doubt  whatever  that  there  is  vibration  in 
these  diaphragms  (I  have  said  so  in  the  paper  ^I  read  before  the 
Royal  Society),  but  what  I  do  say  is  thai  the  sounds  which  I  have 
rendered  evident  to  you  to-night  are  not  due  to  the  vibration  of 
diaphragms,  but  are  simply  due  to  the  expansion  and  contraction 
of  air,  owing  to  the  formation  of  heat  on  the  wall  space  that  con- 
tains that  air. 

A  hearty  vote  of  thanks  was  accorded  to  Mr.  Freece  for  his 
communication. 

A  ballot  then  took  place,  at  which  the  following  gentlemen 
were  elected 

Members  : 
Professor  James  Dewar,  F.B.S. 
Richard  Fentney  Eidsforth. 
James  Reid. 
W.  H.  Stone,  M.D. 
J.  W.  Swan. 


Assooiatea : 

William  Blanch  Brain. 
Arther  Butler. 
Medmer  Qoodwin. 
J.  Qladwyn  Jebb. 
Frederick  C,  Phillips. 
Charles  Heaton  Sharpies. 
George  Q.  Uren. 
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The  Hundred  and  Second  Ordinary  General  Meeting  of  the  Society 
was  held  on  Thursday  evening,  May  26thy  1881,  at  the  Insti- 
tution  of  Civil  Engineers,  25,  Great  George  Street,  West- 
minster— ^Professor  G.  C.  FoSTBE,  F.K.S.,  President,  in  the 
Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed, 
and  the  names  of  new  candidates  were  read  and  suspended. 

The  President  :  Before  calling  upon  Mr.  Luke  to  read  the 
paper  of  the  evening,  I  will  ask  the  Secretary  to  read  a  letter 
which  has  been  received  from  General  Sir  Frederick  Boberts, 
whom  we  hoped  would  have  been  with  us  to.night. 

The  Sbcebtaey  then  read  the  following  letter : — 

''Unttbd  Service  Club, 

"Pall  Mall,  S.W., 

"  Idth  May,  1881. 
**  Deab  Sib, — Will  you  do  me  the  favor  to  thank  the  President 
and  Council  of  the  Society  of  Telegraph  Engineers  and  of  Elec- 
tricians, for  inviting  me  to  hear  Mr.  Luke  read  his  paper  on 
Thursday  evening,  the  26th  inst. 

"  I  much  regret  that  a  previous  engagement  prevents  my  being 
able  to  accept  the  invitation. 

"  I  am  the  more  sorry  for  this,  as  the  subject  is  one  in  which  I 
am  deeply  interested,  and  Mr.  Luke  is  a  gentleman  I  am  much 
indebted  to  for  the  able  assistance  he  afforded  me  as  Head  of  the 
Telegraph  Department  in  Afghanistan. — I  remain,  dear  Sir, 
yours  very  truly,  **Feed.  Robeets." 

ON  THE  CONSTRUCTION  AND  WORKING  OF  A 
MILITARY  FIELD  TELEGRAPH  (BASED  UPON 
EXPERIENCE  GAINED  DURING  THE  CAMPAIGN 
IN  AFGHANISTAN  IN  1878-79-80). 

By  S.  P.  V.  Luke,  C.I.E.,  Member. 
Before  entering  upon  the  general  question  of  a  military  field 
telegraph,  a  short  account  of  the  work  done  in  connection  with  the 
electric  telegraph  in  Afghanistan  during  the  recent  campaigns, 


1881.]  OP  A  MILITABY  FIELD  TELEaBAPH.  2SS 

from  which  the  experience  embodied  in  this  paper  has  been  gained^ 
may  prove  of  interest. 

It  will  be  remembered  that,  on  the  declaration  of  war  against 
the  Amir  of  Kabul,  our  army  invaded  his  country  by  three  different 
routes,  known  as  the  Kandahar,  Koorum  Valley,  and  Khyber 
routes  respectively.  A  field  telegraph  accompanied  the  column 
advancing  along  each  of  them,  and  the  total  length  of  telegraph 
line  constructed  beyond  the  frontiers,  in  connection  with  the 
military  operations,  by  the  Qovemment  Telegraph  Department, 
amounted  to  very  nearly  500  miles. 

As,  however,  my  charge  was  limited  to  the  Khyber  line,  my 
remarks  are  confined  to  the  telegraph  constructed  from  Peshawur 
to  E^abul  though  the  Elhyber  Pass,  a  distance  of  180  miles. 

The  war  was  commenced  by  the  taking  of  Ali  Musjid  on  the 
2l8t  November,  1878;  but,  owing  to  the  unsettled  state  of  the 
country  and  the  hostility  of  the  Afreedi  tribes,  it  was  not  until  the 
26th  December  that  permission  was  given  to  commence  to  lay  the 
telegraph.  Three  days  after,  an  office  was  opened  at  Ali  Musjid, 
but  it  was  ap  unfortunate  start,  for  the  very  next  night  the  line  was 
totally  destroyed  by  the  Afreedis  for  5  miles,  and  the  wire  carried 
oS.  This  caused  further  delay  until  better  arrangements  for  the 
protection  of  the  line  could  be  made ;  but  on  the  8th  January, 
1879,  a  more  successful  attempt  was  made,  and  by  the  29th  the 
telegraph  was  taken,  via  Lundi  Kotal  and  Dakka,  to  Bosawul, 
63  miles  from  Peshawur. 

Meanwhile  the  Bengal  Sappers  and  Miners  had  taken  all  their 
telegraph  train  right  through  to  Jelalabad,  and,  working  back,  met 
my  line  at  Bosawul.  The  construction  of  the  semi.permanent  line 
was,  however,  continued  on  to  Jelalabad,  in  order  that  the  Sappers' 
lighter  material  might  be  set  free  for  use  further  on  in  case  of  an 
advance. 

Jelalabad  was  the  terminus  of  the  telegraph  until  April,  when 
it  was  continued  on  to  Qundamak,  117  miles  from  Peshawur.  On 
the  signature  of  the  treaty  of  Qundamak,  in  June,  1879,  and  the 
withdniwal  of  the  troops,  the  wire  was  rolled  up  as  far  back  as 
Lundi  Kotal,  and  all  the  telegraph  material  brought  back  to 
Peshawur,  except  the  supports,  which  were  abandoned  for  want  of 
carriage. 
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Daring  this  first  campaign  the  telegraph  was  worthing  for 
about  six  months ;  and  some  idea  of  the  annoyance  caused  by  tribes, 
and  of  the  difficulty  of  keeping  up  communication,  may  be  formed 
when  it  is  stated  that  the  wire  was  cut  98  times,  and  about  60 
miles,  on  a  total  length  of  117  miles,  were  stolen  and  nevtf 
recovered.  What  they  did  with  all  this  wire  it  is  hard  to  say, 
except  that  they  carried  it  away  to  distant  villages.  Occasionally 
it  was  cut  up  into  slugs  and  fired  into  our  camps. 

War  broke  out  again  on  the  murder  of  Sir  Louis  Cavagnari 
and  Embassy  in  September,  1879 ;  and  on  the  3rd  October  the 
construction  of  a  telegraph  by  the  Khyber  route  was  again  taken 
in  hand,  beginning  this  time  from  Lundi  Eotal,  up  to  which  point 
the  line  constructed  during  the  first  campaign  had  remained  in 
operation. 

On  the  opening  of  the  second  campaign,  there  was  nothing  to 
delay  the  start :  the  material  brought  back  from  the  first  campaign 
was  available,  and  the  country,  as  far  as  Qundamak,  was  well 
known  and  tolerably  safe. 

The  construction  was  pushed  on  with  all  possible  speed,  and  <m 
the  evening  of  the  21st  October  I  met  the  Sapper  line,  tiie 
material  for  which  had  been  carried  forward  as  before,  nine  miles 
out  of  Jelalabad.  At  the  end  of  a  month  from  starting,  the  line 
was  finished  to  Qundamak,  a  distance  of  80  miles  from  Lundi 
Eotal,  notwithstanding  considerable  delay  being  caused  by  diffi- 
culty  in  procuring  poles. 

Meanwhile  an  officer  of  the  Telegraph  Department,  Mr.  Josephs, 
bad  accompanied  General  Roberts  in  his  advance  on  Kabul,  via 
the  Koorum  Yalley,  and  commenced  laying  the  line  from  the 
Kabul  end. 

On  the  19th  November,  a  junction  between  the  two  lines  was 
effected  at  a  place  called  Jagdalak,  and  through  oommunicatioD 
between  India  and  Kabul  established. 

From  this  time  the  line  worked  almost  uninterruptedly  until 
the  commencement  of  the  siege  of  Sherpur.  On  the  11th,  12th, 
and  13th  December,  there  was  severe  fighting  round  Kabul,  and  on 
the  14th  all  our  troops  retired  into  the  Sherpur  cantonment,  and 
the  siege  began;   but,  curiously  enough,  it   was  not  until  the 
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morning  of  the  15th  that  the  wire  was  cut.  Notwithstanding 
that  fighting  was  going  on  all  round,  and  that  thousands  of  the 
enemy  were  passing  under  the  line,  communication  with  India 
was  carried  on  successfully.  All' the  urgent  telegrams  were  sent 
o£f,  and  the  Kabul  office  was  quite  clear  of  work  on  the  night  of 
the  14th.  This  was  probably  because  the  enemy  did  not  under- 
stand  or  know  the  value  of  the  telegraph. 

Early  on  the  15th  the  wire  was  cut,  and  it  was  afterwards 
ascertained  that  the  line  was  entirely  wrecked  as  far  back  as 
Pezwan,  a  distance  of  nearly  50  miles. 

During  the  siege  a  wire  was  erected  all  round  the  Sherpur 
cantonment,  and  six  telegraph  offices  were  kept  at  work,  affording 
a  means  of  rapid  commimication  between  headquarters  and  divi- 
sional and  brigade  officers. 

Directly  the  siege  was  over  and  the  enemy  dispersed,  the 
reconstruction  of  the  line  destroyed  was  commenced.  At  this 
time  the  snow  lay  thick,  and  the  ground  was  hard  as  iron  from  the 
frost,  rendering  the  putting  up  of  the  line  no  easy  matter, 
especially  over  the  Latabund  Eotal,  a  pass  8,000  feet  high,  but, 
notwithstanding  all  difficulties,  through  communication  with  India 
was  re-established  on  the  8th  January. 

There  was  not  so  much  annoyance  from  wire. cutting  as  during 
the  first  campaign,  but,  nevertheless,  the  wire  was  cut  50  times, 
and  about  57  miles  stolen. 

On  the  retirement  from  Kabul,  the  wire  was  rolled  up,  and  all 
the  material  brought  back  to  India,  and  there  is  now  no  telegraph 
office  beyond  Peshawur, 

We  now  come  to  the  general  consideration  of  the  construction 
and  working  of  a  field  telegraph,  based  upon  the  experience 
gained  in  the  operations  just  briefly  described. 

Mr.  Preece,  in  a  lecture  delivered  at  Chatham  some  years 
ago,  on  military  telegraphs,  divided  them  into  four  classes,  viz. : — 

(1.)  The  Permanent  Line. 
(2.)     „    Semi-permanent  Line, 
(a)     „    Flying  Line. 
(4.)  Visual  Signalling. 
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(1.)  The  Permanent  Line  he  defined  to  be  a  continuation  of 
the  commercial  system  of  the  country  in  which  the  operations  are 
taking  place  ;  or  of  the  establishment  of  a  similar  system  in  the 
event  of  there  being  none,  or  of  the  original  one  being  totally 
destroyed. 

(2.)  The  Semi-permanent  line  he  defined  to  be  that  line 
which  maintains  headquarters  in  its  advance  in  communication 
with  the  permanent  line  ;  and 

(3.)  The  Flying  Line  to  be  the  telegraph  connecting  head, 
quarters  with  its  divisions. 

Owing  to  the  great  perfection  to  which  visual  signalling  has 
been  brought  of  late,  the  necessity  for  the  Flying  Line  in  a  hilly 
country  like  Afghanistan,  where  the  sun  is  rarely  obscured  for 
many  days  together,  no  longer  exists.  By  means  of  the  helio. 
graph,  direct  conmiunication  can  be  kept  up  between  points  40  or 
more  miles  apart,  and  messages  sent  at  the  rate  of  firom  six  to 
eight  words  per  minute.  Li  an  enemy's  country  the  heliograph 
has  enormous  advantages  over  the  electric  telegraph.  It  cannot 
be  cut  and  destroyed  like  the  wire  ;  it  can  accompany  the  army, 
no  matter  how  rapidly  it  advances ;  it  is  easily  carried,  and  can  be 
set  working  in  five  minutes ;  it  can  be  protected  and  worked  even 
whilst  a  battle  is  going  on  all  roimd. 

Its  great  disadvantage,  viz.,  that  it  can  be  read  by  enemies 
as  well  as  friends,  made  no  difference  in  Afghanistan,  as  its  flashes 
conveyed  nothing  to  the  minds  of  the  Afghans,  and  only  excited 
their  wonder  and  astonishment. 

Visual  signalling  being  so  perfect,  there  is  not  the  necessity 
for  the  hurried  construction  of  the  field  telegraph  which  there 
would  be  if  no  other  means  of  communication  were  possible 
between  the  army  as  it  advanced  and  its  base  of  operations.  The 
field  telegraph  may  now,  perhaps,  be  defined  as  the  line  that, 
starting  from  the  base  of  operations,  where  it  is  in  connection 
with  the  r^alar  telegraphic  system,  is  taken  into  the  enemy's 
country  as  soon  after  the  advance  of  the  army  as  the  state  of  the 
country  admits.  It  is  little  or  no  use  constructing  a  line  till 
arrangements  can  be  made  for  its  protection. 

Since  the  hurried  and  rapid  construction  of  the  telegraph  is 
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not  essential,  there  is  no  nec^^^^  f (Ot^|)ie  use  of  very  light  material 
which  would  afterwards  reowl&et^to  be  f^laced,  but  a  strong  semi, 
permanent  line  can  at  onoe^  be^jJui  up^^balculated  to  last  at  any 
rate  as  long  as  the  campami  6-«elvs^  do,  and  which  can  be 
made  permanent  by  addition^^t^^f^^^n  without  being  entirely 
reconstructed. 

There  are  two  kinds  of  field  line  to  choose  from — 
The  Qround  Line. 
The  Overhead  Line. 
A  ground  line  was  tried  by  the  Bengal  Sappers  and  Miners  during 
the  first  campaign.  An  insulated  wire,  protected  with  plaited 
hemp,  was  laid  on  the  ground  alongside  the  road  for  the  greater 
part  of  the  way  between  Jelalabad  and  Dakka,  a  distance  of  30 
miles.  It  was  not  buried  in  any  way,  except  where  it  crossed  a 
road.  This  line  never  lived  for  an  hour.  It  was  cut  in  20  or 
more  places  every  day.  The  temptation  was  too  great*  Passers, 
by,  seeing  a  black  cord  running  by  the  roadside,  had  their  curiosity 
excited  to  know  what  it  was,  and  nothing  was  easier  than  to 
hammer  the  cable  between  two  stones  till  it  was  severed.  Whether 
this  line  would  have  answered  better  had  it  been  buried  is  ques. 
tionable.  Unless  the  burying  had  been  done  secretly  at  night,  some 
people  must  have  seen  what  was  going  on,  and  would  have  dug  it 
up  out  of  mischief  or  malice.  Then,  again,  if  a  fault  occurred  in 
the  wire  itself,  a  thing  always  probable,  the  difficulty  of  localising 
it  in  a  buried  wire  is  very  great,  and  the  trouble  to  repair  it 
immense. 

All  things  considered,  it  may,  I  think,  be  admitted  that  a 
ground  line  is  inferior  in  every  way  to  an  overhead  one  for  a  field 
telegraph  such  as  defined  above,  and  I  will  now  proceed  to  the 
deacription  of  an  overhead  line,  embodying  the  results  obtained 
by  experience  in  A%hanistan. 
First,  as  regards  line  material : 

For  posts  it  is  undoubtedly  best  to  rely  as  much  as  possible 
upon  the  resources  of  the  country  through  which  the  line  has  to  be 
made.  If  it  be  known  beforehand  that  no  timber  of  any  kind  can 
be  procured  locally,  then  it  becomes  necessary  to  collect  poles  of 
some  sort  at  the  base  of  operations.  But  it  is  extremely  improb. 
VOL.  X.  17 
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able  that  an  inyading  army  would  traverse  a  oountrj  uttody 
devoid  of  timber  of  some  kind.  Take  the  Pesbawur  to  Kabul 
line  as  an  example.  From  Peshawar,  through  the  Ehybw  Pws 
to  Dakka,  where  the  Kabul  river  id  struck,  a  distance  of  40  milefi, 
not  a  stick  of  any  kind  that  could  be  used  for  a  pole  can  be  got 
From  Dakka  onwards  no  great  di£Sculty  was  experienced  in  getting 
poles.  Good  deodar  and  pine  saplings  were  either  procurable 
from  villages  under  the  Safed  Koh,  or,  coming  down  the  streams 
in  rafts,  could  be  purchased  at  places  along  the  banks  of  the  Kabul 
river.  At  Kabul  itself,  any  quantity  of  excellent  poplar  poles, 
admirably  adapted  for  a  telegraph,  were  procurable. 

But  whatever  the  resources  of  the  country  through  which 
the  line  will  pass,  it  is  advisable,  in  order  to  avoid  smy  d^y  at 
starting,  to  have  at  least  10  or  12  miles  of  poles  ready  at  the  base 
of  operations,  so  that  the  line  can  be  commenced  at  a  mommit's 
notice,  and,  whilst  the  first  10  miles  are  being  put  up,  arrangements 
can  be  made  for  a  further  supply. 

The  question  is  what  is  the  best  kind  of  pole  to  have.  For 
the  line  from  Feshawur  towards  Kabul  a  quantity  of  bamboos  were 
collected  at  Feshawur,  averagmg  about  20  feet  long  and  about  3 
inches  diameter  at  the  butt,  rough  and  untrimmed,  and  were  found 
to  answer  admirably. 

In  a  country  where  there  are  no  roads  and  no  wheel  car. 
riage,  the  question  of  transport  is  the  first  one  to  be  considered, 
and  it  may  be  taken  for  granted  that  men,  camels,  ponies,  or  muks 
are  the  only  means  available.  A  camel  will  carry  poles  in  10  feet 
lengths  and  a  mule  in  7  feet,  but  the  shorter  the  better.  Then, 
attain,  all  animals  will  drag  poles,  which  is  perhaps  a  better  way 
than  carrying  them,  and  then  the  length  up  to  20  feet  is  immatmaL 

A  jointed  pole  of  any  kind  does  not  seem  to  answer,  except  for 
a  very  light  wire,  say,  150  lbs.  to  the  mile.  The  joint  is  always  a 
weak  point. 

If  bamboos  are  used  at  all,  they  should  be  not  less  than  18 
or  20  feet  long,  in  one  piece.  There  is  no  great  object  in  their 
being  perfectly  straight,  and  they  are  best  only  roughly  trinmied. 
Bamboos  of  this  description,  planted  20  to  the  mile,  with  eveiy 
fourth  support  formed  of  two  bamboos  erected  like  shears^  make  a 
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very  stiODg  and  durable  line,  capable  of  carrying  a  300.1b,  wire 
with  ease.  The  objection  to  them  is  difficulty  of  transport,  owing 
to  their  length,  but  they  can  be  dragged  by  camels  or  mules  or 
donkeys,  or  carried  by  porters.  They  have  the  advantage  of  being 
cheap,  and  in  a  dry  country  like  Afghanistan,  where  there  are  no 
white  ants,  will  last  six  months  at  the  least.  Some  bamboos  uaed 
in  the  Ehyber  Pass  were  found  quite  good  after  being  up  for  a  year. 

Besides  bamboos,  there  are  what  are  known  in  India  as 
"  bullies  "—that  is,  young  trees  or  saplings  of  teak,  pine,  deodar, 
poplar,  and  other  wood — ^to  be  considered.  In  selecting,  the  p<Hnt 
is  to  combine  strength  and  durability  as  much  as  possible  with 
lightness.  For  a  military  field  line  big  heavy  poles  are  out  of  the 
question :  they  cannot  be  carried,  and  it  is  better  to  have  a  laiger 
number  of  smaller  poles.  Where  height  is  required,  two  einJBll 
poles  can  always  be  lashed  together  wiUi  wire,  such  a  joint  being 
perfectly  reliable.  If  the  poles  are  too  weak  for  use  singly,  they 
can  be  used  two  together  like  shears,  which  gives  great  strength. 

It  may  happen  that  the  telegraph  line  goes  through  a 
wooded  country,  in  which  case  the  wire  should  be  supported  as 
much  as  possible  on  the  trees.  The  best  way  to  do  this  is  to  nail 
a  bracket  of  dry  wood  to  the  tree,  and  attach  the  wire  to  it  by 
screwing  another  piece  of  dry  wood  over  it,  taking  care  to  have  the 
tree  inside  the  wire  at  angles.  Another  way  is  to  fasten  a  stirrup 
of  dry  wood  with  wire  to  a  branch,  and  bind  the  line  wire  to  the 
centre  of  the  stirrup,  it  being  always  understood  that  insulators  of 
any  kind  are  out  of  place  in  a  dry  country  like  Afghanistan,  as 
being  unnecessary,  and  making  extra  weight  to  carry. 

The  only  case  where  insulators  seem  desirable  is  where  rocks 
are  met  with  so  precipitous  that  spikes  can  be  driven  into  them, 
and  the  wire  supported  on  insulators  attached  to  the  spikes. 
Such  rocks,  however,  will  rarely  occur.  About  a  dozen  rock 
insulators  were  utilised  in  the  Ehyber  Pass. 

The  wire  used  for  the  field  lines  in  Afghanistan  was  of  gal. 
vanised  iron,  weighing  300  lbs.  per  mile,  or  No.  12  Indian 
gauge,  equal  to  No.  9  (about)  B.W.Q.  This  answered  admirably, 
but  is  perhaps  unnecessarily  heavy.  For  the  distance  that  a  field 
line  is  ever  likely  to  extend  to,  or  (say)  up  to  300  miles  from  base 
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of  operatioDs,  a  wire  weighing  200  lbs.  per  mile  would  answer 
every  purpose.  A  wire  of  this  size  has  great  advantages.  It  should 
be  in  ooiU  weighing  100  lbs.  each,  so  that  a  good  mule  or  pony 
will  carry  2  coils,  or  1  mile,  and  a  camel  4  coils,  or  2  miles.  It 
is  easy  to  manipulate  and  joint,  and  a  block  and  tackle,  or  other 
appliances  for  straining,  are  not  required.  The  diameter  of  all 
coils  should  be  exactly  the  same,  to  avoid  delay  in  placing  them 
on  the  wire  reel.  It  is  a  good  plan  to  have  each  coil  wrapped 
round  with  a  band  of  tarred  canvas,  to  preserve  the  wire  from 
injury  during  transport.  An  ordinary  galvanised  iron  wire, 
weighing  150  lbs.  to  the  mile,  answers  very  well  for  short 
distances ;  but  it  does  not  give  a  sufficient  margin  of  strength,  to 
stand  accidental  blows,  for  a  semi-permanent  line.  If  a  camel 
breaks  down  a  post,  *the  wire  will  most  likely  break  too. 

In  the  matter  of  2bob,  the  digging  tools  should  be  adapted  to 
the  habits  of  the  people  who  have  to  use  them.  A  good  wire  reel 
for  paying  out  wire,  strong  and  portable,  is  essential  It  should 
be  so  constructed  that  it  can  either  remain  stationary  and  the 
wire  be  dragged  out  from  it,  or  be  carried  on  men's  shoulders 
and  the  wire  paid  oui^  according  to  the  nature  of  the  groimd.  It 
should  also  be  fitted  with  a  crank  handle,  and  be  adapted  for 
quickly  coiling  up  the  wire  when  taking  down  a  line. 

Paying  out  wire  from  the  backs  of  animals  is  not  to  be  relied 
on  in  a  difficult  country,  and  it  is  improbable  that  the  roads  will 
admit  of  carriages  of  any  kind  for  the  purpose. 

For  linemen  engaged  in  the  construction  of  the  line,  a  tent 
of  the  pattern  known  in  the  Indian  Ordnance  Department  as 
the  "Followers*  Pftl**  was  found  to  be  the  best  for  wet,  heat, 
and  cold.  It  should  be  made  of  three  cotton  cloths,  the  out- 
side  one  white  and  inside  one  blue.  It  should  open  at  one  end 
only,  the  door  to  lace-up  with  brass  eyelet  holes ;  poles  of  male 
bamboo.  The  dimensions  are  as  follows:  12'  long,  10'  wide, 
6'  &'  high,  1'  &'  walls,  three  upright  poles  each  6'  Q",  two  ridge 
poles  each  6',  twenty-six  wooden  or  iron  pegs,  and  one  mallet 
This  tent  will  hold  12  natives,  and  weighs  120  lbs.  A  good  male 
or  pony  will  carry  two  of  these  tents  complete,  or  shelter  for  24 
men. 
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The  "  Followers'  Pftl "  ftlso  answers  very  well  for  a  field  tele, 
graph  office.  In  the  inner  half  of  the  tent  is  room  for  two 
signallers'  cots,  so  that  two  soldiers  can  sleep  there,  while  in  the 
outer  half  there  is  room  for  the  office  table,  batteries,  boxes,  etc. 
It  is  too  hot  for  Europeans  in  the  hot  weather,  but,  if  the  office  is 
to  remain  stationary  for  any  time,  a  thatched  roof  can  be  built 
over  it,  which  makes  it  cooler  than  a  double  fly  tent.  Of  course, 
if  an  office  is  an  important  one,  and  required  for  a  length  of  time, 
a  much  larger  tent,  or  a  building  of  some  kind,  will  be  necessary, 
but  for  a  field  telegraph  office  proper,  the  tent  described  will 
answer  perfectly. 

Au  admirable  little  tent,  known  as  the  "  Officers'  Servants' 
P&l,"  was  made  by  the  Elgin  Mills  Company,  Cawnpore.  It  will 
hold  two  natives  comfortably,  and  was  found  well  adapted  for  the 
linemen  attached  to  a  telegraph  office  for  interruption  and  repair 
duty.    It  only  weighs  32  lbs.  and  is  very  strong  and  serviceable.* 

Next,  as  regards  ** office  equipment:" 

In  India  the  "  sounder  "  is  the  only  instrument  used,  and  for 
a  field  telegraph  it  leaves  nothing  to  be  desired.  Three  kinds 
of  sounder  were  sent  up  to  Afghanistan:  an  ordinary  Siemens* 
sounder  with  relay,  for  use  at  the  terminal  and  important  inter, 
mediate  c^ces ;  a  direct  working  sounder,  for  small  offices ;  and  a 
portable  soimder,  for  interruption  duty  and  opening  out  anywhere 
on  the  line. 

The  *'  lightning  dischargers  "  used  were  Siemens'  bras8.plate 
pattern  for  two  lines,  fitted  into  a  mahogany  case  to  keep  out  the 
dust. 

The  alarm  bell  was  of  the  ordinary  trembling  pattern.  This, 
with  a  vertical  galvanoscope  and  a  portable  American  clock, 
completed  the  necessary  instruments. 

The  batteries  sent  for  use  in  Afghanistan  were — 

The  ordinary  Minotto  form  of  Daniell's  cell  as  used  throughout 

India. 

A  box  divided  into  twelve  compartments,  each  fitted  up  as  a 

Minotto  celL 

•  A  photograph  waa  shown  of  these  tents,  and  alto  of  the  tools  nied  in 
Afghanistan. 
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The  patent  Leclanch^  portable  battery,  made  by  tbe  India 
Bnbber,  Qntta  Percha,  and  Telegraph  Works  Company. 

A  small  portable  battery,  for  nae  with  the  portable  sounder. 

All  these,  except  tbe  last,  had  their  disadvantages.  The  first 
was  too  heavy  and  cumbersome ;  tbe  second  almost  invariably 
leaked ;  the  third  was  found  to  get  broken  and  injured  in  transit. 
The  soluUon  of  the  question  of  the  best  battery  for  a  field 
telegraph  was  certainly  not  arrived  at.  The  special  points  to  be 
considesed  aare  lightness  and  portability,  strength,  and  consequent 
inminnity  from  injury  in  transport:  the  battery  should  come 
quickly  into  action,  and,  above  all,  be  easily  cleaned  and  renewed. 

The  plan  adopted  for  supplying  offices  during  the  A%han 
campaign  with  petty  etarea  and  stationery  was  to  have  two 
boxes,  each  measuring  2'  3^  x  T  2^^  x  1 '  4'\  for  each  office :  these 
two  boxes  form  one  mule-loady  and  contain,  the  one  a  supply  of 
stationery  and  printed  forms,  and  the  other  petty  stores,  such  as 
office  tooISf  message  draft  box,  eyelet  press^  smaU  copper  earth 
pUttCf  etc.  The  stationery  and  forms  required  depend  upon  tbe 
system  of  working  in  vogue  in  the  country  of  which  the  field 
telegraph  is  an  extension.  The  point  to  be  borne  in  mind  is  to 
keep  separate  the  things  that  are  not  quickly  expended  and  those 
that  are.  For  instance,  a  set  of  office  tools — consisting  of  cvMing 
pU&rSf  screw-drivers  {large  and  small),  wedge  for  opening  packing 
oases ,  knife,  sand-paper,  round-nose  pliers,  gimlet  to  bore  holes  for 
connecting  wire — will  last  the  whole  campaign,  as  will  the  message 
box,  eyelet  press,  letter  cUp,  etc.  The^ra^  equipment  supplied  to 
each  office  should  contain  all  these ;  and  at  the  base  of  operations 
supplementary  equipments, containingonly  mes8a4feform8,envelopes, 
and  other  articles  quickly  expended,  should  be  kept  in  readiness  to 
issue  to  each  office  as  its  stock  becomes  exhausted. 

A  folding  camp  table,  S'  6'^  x  2'  6'\  with  teak. wood  frame  and 
deal  top,  answers  as  'well  as  anything.  Small  offices  require  two, 
and  larger  offices  according  to  the  number  of  instruments  in  use. 
Generally  speaking,  one  table  is  required  for  each  instrument,  plus 
one  for  the  signaller  in  charge  to  write  at.  It  is  better  to  have 
a  separate  table  for  each  instrument  than  to  have  large  tables. 
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For  large  offices,  aioola  of  some  portable  kind  are  required ;  at 
small  ones,  the  stationery  equipment  boxes  can  be  used  to  sit  on. 

The  weight  of  one  complete  office  equipment,  including  the 
office  and  linemen's  tents,  as  described  above^  is  800  lbs.  The 
regulation  allowance  is  160  lbs.  per  mule ;  hence  it  required  five 
mules  to  carry  the  equipment  for  one  office,  but,  as  in  the  case  of 
the  wire,  this  weight  could  perhaps  be  reduced  on  a  future 
occasion. 

As  soon  as  it  has  been  decided  to  erect  a  field  telegraph, 
the  first  thing  to  do  is  to  establish  an  agency  at  the  base  of  opera- 
tions, for  receiving  and  forwarding  stores.  A  responsible  officer 
should  be  placed  in  charge,  and  to  him  should  be  consigned  all  the 
telegraph  material  required  for  the  campaign.  On  arrival  of  the 
stores  at  the  base  agency,  they  should  be  considered  to  have  reached 
their  destination,  and  receipts  for  them  should  be  given  by  the 
forwarding  agent. 

The  simplest,  if  not  the  only  plan,  to  keep  the  accounts  of 
the  stores  of  a  field  telegraph,  is  to  write  off  all  stores  against  the 
work  as  soon  as  they  reach  the  base  of  operations,  and,  on  the  con- 
clusion of  the  campaign  and  dismantlement  of  the  line,  to  credit 
the  work  with  all  stores  brought  back  to  or  remaining  at  the  base. 

Having  described  the  equipments  of  all  kinds  used,  and 
supposing  them  to  have  reached  the  base  of  operations,  the  next 
point  is  the  carriage  beyond  the  base. 

Starting,  as  it  probably  does,  with  an  indefinite  amount  of 
work  before  it,  it  will  be  impossible  for  the  field  telegraph  to  pro- 
vide aU  its  own  carriage.  It  must  rely  in  great  measure  upon  the 
transport  department,  and  on  whatever  local  means  may  be  avail, 
able.  But  it  is  very  necessary  that  the  field  telegraph  should  have 
some  carriage  of  its  own,  and  the  want  of  it  was  very  much  felt  in 
the  Afghan  campaign. 

It  being  impossible,  as  remarked  above,  to  keep  up  an  in. 
definite  quantity  of  carriage,  the  best  plan  is  to  keep  the  smallest 
amount  actually  required,  that  is  to  say,  sufficient  for  the  carriage 
of  the  working  party  and  their  tools,  and  for  one  unit  of  material^ 
the  unit  of  material  being  taken  as  10  miles  of  line  and  one  office : 
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this  is  not  to  include  the  carriage  of  posts,  which  must  be  provided 
for  specially. 

Taking  the  strength  of  a  working  party  at  1  Inspector   and 
50  men,  the  weight  of  their  tents,  tools,  clothes^  and  one  unit  of 
material,  with  3  days'  rations,  will  amount  to  7,520  pounds,  and 
converting  this  into  mule  carriage  at  2  maunds  per  mule,  47  mules 
would  be  required.    With  47  mules,  at  the  rate  of  1  driver  to  S 
mules,  16  men  will  have  to  go,  and  will  require  rations  for  them. 
selves,  as  well  as  for  the  animals,  requiring  4  more  mules,  or  (say) 
5,  allowing  for  the  carriage  of  their  own  rations.    This  brings  the 
total  of  mules  required  for  a  working  party  and  one  unit   of 
material  up  to  52,  allowing  Twne  spare :  allowing  10  per  cent, 
spare  for  sickness  and  sore  backs,  we  arrive  at  a  total  of  57  mules. 
But,  as  before  remarked,  the  weight  of  the  equipment  can  easily 
be  reduced,  and  wire  used  weighing  200  lbs.  per  mile  instead  of 
300  lbs. ;  besides  which,  good  mules  will  easily  carry  considerably 
more  than  2  maunds,  or  160  lbs.     Taking  these  points  into  con. 
sideration,  a  properly  equipped  field  telegraph  train  of  50  mules 
will  suffice,  always  supposing  that  the  heavy  carriage  and  dis- 
tribution at  diflTerent  points  along  the  line  will  be  done  by  the 
transport  department  or  other  local  means.    Fifty  mules  is,  there- 
fore, the  amount  of  standing  carriage  which  should  be  kept  up  for 
the  field  telegraph  department. 

The  question  of  the  equipment  of  these  animals  is  of  the 
first  importance.  Unless  fitted  with  proper  gear,  they  will  get 
sore  backs  after  the  first  day's  work.  The  experience  gained  in 
the  Afghan  campaign  has  shown  that  the  best  pack-saddle  is  that 
known  as  the  ** Ordnance"  pattern,  manufactured  at  Cawnpore. 
This  is  better  than  the  **  Otago"  pattern,  which  is  perhaps  the 
next  best  But  even  the  *'  Ordnance  "  saddle  has  disadvantagea 
Each  animal  requires  to  be  fitted  with  its  own  particular  saddle, 
while  even  if  a  mule  gets  out  of  condition  the  saddle  is  likely  to 
give  a  sore  back.  A  universal  adjustable  saddle  which  will  fit  any 
animal  has  yet  to  be  designed. 

The  question  of  camels  has  not  been  entered  into,  because 
they  would  never  do  for  standing  carriage,  mules  or  ponies  are  so 
far  superior.     If  nothing  but  camels  can  be  procured,  one  camel 
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may  be  calculated  to  carry  as  much  as  two  mules.  They  are  very 
slow  compared  to  mules,  more  difficult  to  manage,  and  will  not 
stand  a  cold  climate,  at  least  the  Indian  camel  will  not. 

Loading  the  animals  is  a  most  important  duty,  and  one 
likely  to  be  carelessly  performed.  The  men  should  be  practised 
at  it  before  starting,  to  accustom  them  to  load  properly  and  also 
quickly,  for  a  great  deal  of  time  is  generally  lost  in  the  operation. 
One  point  very  difficult  to  attain  with  natives  is  to  get  them  to 
make  up  the  same  loads  daily.  If  left  to  themselves  they  will 
never  load  an  animal  twice  alike. 

Next,  as  regards  the  '*  working  party :" 

The   great   point  is,  taking  into  consideration  the   difficulty 
of  commissariat  and  transport  in  an  enemy's  country,  to  have  as 
small  a  party  as  is  consistent  with  efficiency.     A  working  party  to 
erect  a  field  line  in  India  would  be  composed  somewhat  as  under : — 
1  officer  in  charge  of  the  work. 
1  Inspector  in  charge  of  the  party. 
6  trained  linemen. 
44  coolies  or  ordinary  labourers. 

Distribution  of  poles  is  not  provided  for  in  this  estimate ;  it  is 
supposed  to  be  done  by  local  labour,  or  animals  of  some  sort. 

Instead  of  the  ordinary  labourers,  it  would  of  course  be  better 
to  have  all  trained  workmen,  but  this  is  generally  impracticable. 

The  Inspector  should  be  mounted,  and  look  after  the  party 
generally,  especially  the  distribution  of  the  material. 

It  may  be  possible  to  get  a  working  party  from  a  regiment 
on  service.  In  Afghanistan  the  native  soldiers,  especially  the 
Sikhs,  did  capital  work ;  moreover,  they  liked  the  work,  getting 
of  course  extra  pay.  Men  of  the  "  pioneer "  regiments  are 
specially  well  adapted  for  telegraph  work,  accustomed  as  they  are 
to  the  use  of  tools.  If  50  men  of  a  pioneer  regiment  can  be  spared 
for  the  field  telegraph,  nothing  could  be  better.  It  would  be  a 
good  thing  if  erecting  a  field  telegraph  were  made  a  special  feature 
in  the  drill  of  a  pioneer  regiment. 

If  military  labour  cannot  be  obtained,  men  must  be  got  from 
villages  along  the  route,  but  this  does  not  answer  well,  for  the 
villagers  will  never  go  far  firom  their  homes,  and  new  men  have  to 
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be  put  on  the  work  daily.  They,  therefore,  sever  learn  their  work 
properly,  and  the  constant  and  close  supervision  thereby  aeces. 
sitated  is  a  cause  of  delay. 

The  linemen  and  any  labourers  permanently  engaged  should 
be  properly  fitted  out  with  clothing  and  shoes  before  they  crocs 
the  frontier.  The  weight  allowed  each  man  for  his  cooking  pots 
and  clothes  other  than  w^at  he  carries  on  his  back  should  be 
limited  to  30  lbs.  Every  man  should  be  armed  with  a  short 
sword,  and  Inspectors  should  be  supplied  with  revolvers. 

The  party  of  1  Inspector  and  50  men,  as  described  above, 
is  calculated  to  put  up  from  8  to  4  miles  of  line  a  day.  Takiiig 
into  consideration  that  in  an  enemy's  country  the  working  party 
cannot  camp  out  between  the  fixed  military  posts,  which  are  from 
10  to  12  miles  apart,  and  therefore  have  a  long  distance  to  go  and 
return  from  work ;  that  the  nature  of  the  country  is  often  di£Bcalt  for 
a  telegraph  line  3  and  that  delays  occur  in  the  supply  and  distribu. 
tion  of  poles,  90  miles  per  month  for  a  semi-permanent  line  may 
be  considered  good  work  :  5,  Gy  or  more  miles  a  day  may  occasionally 
be  done  when  the  country  is  open  and  the  digging  easy,  but  that 
is  exceptional,  and  an  average  of  3  miles  a  day  is  all  that  can  be 
counted  on,  with  the  strength  of  party  as  given. 

The  first  thing  to  be  done  is  the  marking  out,  which  is  generally 
the  work  of  the  officer  in  charge.  For  alignment,  the  great  point 
is  to  keep  close  to  the  road  or  track,  of  course  cutting  off  sharp 
angles,  but  on  no  account  should  the  wire  be  out  of  sight  from  the 
road.  The  reason  for  this  is  obvious,  patrolling  aud  inspection 
being  borne  in  mind.  The  posts  should  not  be  planted  so  close  to 
the  road  as  to  endanger  their  being  knocked  down  by  camels  or 
carts.  They  should  be  erected  as  much  as  possible  in  spots  not 
easily  reached  by  animals,  and,  in  a  hilly  country,  above  rather 
than  below  the  road.  Every  advantage  should  be  taken  of  the 
nature  of  the  ground  to  reduce  the  number  of  supports,  by  making 
long  spans  wherever  practicable.  For  an  uninsulated  line,  struts 
should  always  be  used  at  angles,  and  never  stays.  Besides  the 
fact  that  wire  stays  act  as  faults  in  wet  weather,  tbey  are  not 
easily  seen,  and  camels  go  blundering  up  against  them,  and  perhaps 
bring  the  post  down.      For  joints  in  wire  of  the  size  used,  the 
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'*  twisted  **  is  the  best  and  quickest  loade.  There  is  no  occasion* 
to  soldei:  joints  on  a  semi.permanent  line.  On  the  Peshawur  to 
Eabol  line  no  bad  communication,  ever  resulted  £rom  the  joints 
not  being  soldered.  For  attaching  the  line  wire  to  the  posts, 
strandod  landing  wire  is  the  best,  being  more  pliable  than  ordinary 
wiie.  A  good  plan^  if  time  wUl  allow,  is  to  cut  a  small  nick  in 
the  aide  of  the  post,  about  6  inches  from  the  top,  in  which  to  rest 
the  wire,  and  then  bind  it  firmly  there.  If  tightly  bounds  the 
nick  may  be  dispensed  with.  If  large  rivers  are  likely  to  be  met 
w^th,  special  arrangements  for  crossing  them  should  be  made: 
spans  are  preferable  to  insulated  wire  cables.  In  a  I^illy  country, 
whe^  the  nature  of  the  ground  permits,  very  long  spans  can  be 
made  with  safety.  One  span  at  Kabul  with  |  mile  of  wire  in  it 
never  gave  any  trouble. 

When  the  line  is  once  up,  the  question  in  an  enemy's 
country  is  how  to  protect  it.  That  this  is  an  important  question 
will  be  gathered  firom  what  has  already  been  said,  viz.,  that  the 
wire  was  cut  98  times  in  the  firbt,  and  50  times  in  the  second 
campaign,  and  over  100  miles  of  wire  in  all  carried  off  between 
Peshawur  and  Kabul  alone.  This  question  of  protecting  the  line 
seems  to  divide  itself  under  two  heads,  viz.  :-* 

(1.)  How  fo  keep  the  people  from  cutting  the  wire. 
(2.)  How  to  catch  the  people  who  cut  it. 

Under  the  first  head  comes  the  plan  of  subsidising  the  tribes, 
through  whose  country  the  line  passes,  to  protect  the  wire.  This 
answered  fairly  well  in  certain  districts,  but  was  by  no  means 
generally  successful.  Then  there  is  the  method  oi  making  certain 
villages  rebponsible  for  the  safety  of  the  wire  in  their  particular 
district,  and  fining  them  whenever  it  is  cut.  But  the  villages 
are  often  few  and  far  between,  and  the  excuse  of  the  head  men  isy 
"  We  have  enemies,  and  tbey  have  come  and  cut  the  wire  in  our 
neighbourhood  in  order  to  get  us  into  trouble.*'  This  plan  would 
doubtless  answer  if  each  case  of  wire-cutting  was  followed  by 
severe  measures,  such  as  banging  the  bead  man  or  burning  the 
village  responsible,  but  such  severity  would  be  looked  upon  as  an 
atrocity.    In  a  country  like  Afghanistan,   infested  by  robbers^  in 
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which  our  influence  did  not  extend  half-a-mile  on  either  side  of  the 
road,  the  best  means  of  protecting  the  wire  has  yet  to  be  devised. 

Secondly,  regarding  catching  the  people  who  cut  the  wire. 
During  the  recent  campaign  the  wire  was  never  cut  during  the 
day,  but  always  at  night.  One  plan  is  to  patrol  the  places  where 
the  line  is  frequently  cut,  but  this  duty  is  very  harassing  for  the 
troops.  On  one  occasion  only  was  the  patrol  successful.  One 
night  during  the  second  campaign,  near  the  village  of  Batikot, 
a  patrol  party  concealed  themselves.  The  marauders  came,  and 
the  soldiers  killed  two  and  wounded  ten  or  twelve.  This  had  a 
very  good  effect,  but  only  a  temporary  one.  The  question  of 
laying  traps  to  catch  the  marauders  has  also  been  gone  into.  One 
arrangement  was  to  put  a  permanent  current  on  the  line  between 
two  offices,  in  such  a  manner  that  the  cutting  of  the  wire  caused  a 
bell  to  ring  in  each  office.  Sowars,  or  native  cavalry,  were  ready 
to  go  out  from  each  end  at  a  moment's  notice  to  intercept  the 
thieves,  or  at  any  rate  prevent  their  carrying  off  much  wire.  The 
great  objection  to  this  plan  was  that  it  stopped  the  through 
communication  on  the  line  all  night,  and  with  a  heavy  message 
traffic  it  could  only  be  carried  out  at  the  expense  of  great  delay  to 
messages.  The  idea  of  having  some  kind  of  torpedo  connected 
with  a  post,  which  would  explode  when  the  post  was  interfered 
with,  was  mooted,  but  this  threatened  as  much  danger  to  friends  as 
enemies,  and  was  not  tried.  This  point  of  how  to  catch  the  men 
who  cut  the  wire  is  the  one  of  all  others  that  requires  suggestions 
and  plans,  and  it  is  to  be  hoped  that  before  another  campaign  some 
means  for  doing  so  may  be  devised.  Admitting  that  the  line  will 
be  frequently  cut,  it  becomes  necessary  to  make  arrangements  for 
its  speedy  repair.  In  order  to  do  this,  it  is  necessary  to  have 
offices  not  more  than  10  or  12  miles  apart,  that  is,  at  every 
military  post.  This  was  done  during  the  recent  campaign,  and  at 
each  office  two  trained  linemen  were  stationed,  with  complete  sets 
of  line  tools  and  a  fixed  stock  of  spare  wire  and  poles.  On  the 
Feshawur  to  Kabul  line  the  quantity  of  spare  wire  was  five  miles 
for  each  office. 

When  an  interruption  occurred,  the  officer  commanding  the 
station  on  each  side  of  the  break  was  applied  to  (notice  being 
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given  over  night  if  possible)  for  a  sufficient  guard,  and  a  certain 
number  of  porters  to  cany  spare  wire,  poles,  etc.,  to  attend  the 
telegraph  office  at  daybreak.  The  linemen,  with  porters  and 
guard,  started,  as  soon  as  it  was  light,  along  the  line  from  either 
end.  The  time  taken  in  restoring  communication  of  course 
depended  on  the  damage  done.  If  anything  less  than  a  mile  of 
wire  was  removed,  the  line  was  probably  repaired  in  a  few  hours : 
only  very  rarely  did  interruptions  last  over  one  day.  Fortunately, 
as  a  rule  the  posts  were  not  stolen,  but  merely  pulled  down.  The 
robbers  seemed  to  care  only  for  the  wire.  The  question  of  having 
mounted  men,  provided  with  light  copper  wire,  to  repair  the  line 
temporarily  was  considered,  but  involving  as  it  did  an  additional 
and  mounted  escort,  and  an  establishment  of  ponies,  and  specially 
trained  men,  the  plan  was  not  adopted,  nor  would  it  have  been 
worth  the  extra  trouble  and  expense.  In  addition  to  going  out  to 
restore  the  line  when  interrupted,  it  is  the  duty  of  the  linemen  to 
patrol  the  line  half-way  to  the  next  office  on  either  side,  every 
second  or  third  day,  going  and  returning  with  the  escort  which 
accompanies  the  daily  convoy.  By  this  means  the  line  is  kept 
constantly  in  a  state  of  repair,  and  small  defects^  such  as  crooked 
poles  or  wire  too  low,  are  at  once  remedied. 

Next,  as  regards  the  **  system  of  working  " : 

There  are  two  ways  of  looking  at  a  field  telegraph  line : 
first,  from  a  military  point  of  view ;  secondly,  from  what  may  be 
called  a  general  one.  The  greatest  value  of  a  military  telegraph 
is  the  use  it  can  be  put  to  to  warn  a  station  of  an  impending 
attack,  to  arrange  movements  of  troops,  convoys,  etc.,  and  for  this 
purpose  it  is  absolutely  necessary  to  be  able  to  get  any  station  at 
any  hour  day  or  night.  On  the  other  hand,  its  general  importance 
ui  carrying  long  messages  from  headquarters  to  the  base  of 
operations,  concerning  the  conduct  of  the  campaign,  commissariat 
and  transport  arrangements,  besides  news  telegrams  for  the 
Press,  cannot  be  overlooked.  No  doubt  the  proper  plan  is  to  have 
two  wires,  one  working  from  station  to  station  only,  and  the 
second  a  through  wire.  But  this  may  not  be  possible,  and  the 
pomt  is  how  to  make  the  best  use  of  one  wire.  On  the  Peshawur 
to  Kabul  line  the  traffic  was  so  heavy  that  it  was  found  neceasary 
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to  erect  a  second  wire  from  Peshawur  to  Jelalabad,  half.way  ;  and 
even  then  the  line  could  only  jnst  carry  the  traffic  without  serionB 
delay.  On  a  single  wire  line  exceeding  a  certain  length,  say,  80 
milesy  on  which  there  ore  more  than  about  six  offices,  the  best  plan 
seems  to  be  to  divide  the  offices  into  classes,  and  not  to  allow  them 
all  to  occupy  the  line  equally,  for  the  terminal  and  certain  intCT^ 
mediate  offices  will  always  have  most  work. 

On  the  Peshawur. Kabul  line  the  offices  were  divided  as  follows : 
(1.)  Offices  of  observation. 

(2.)       „      doing  limited  duty,  called  second-class  offices. 
(3.)       „      always  open,  called  first-class  offices. 

As  remarked  in  a  preceding  paragraph,  for  the  speedy  repair 
of  the  line  in  case  of  interruption,  it  is  necessary  to  have  offices 
every  10  or  12  miles ;  but  it  is  not  necessary  they  should 
be  allowed  to  send  and  receive  messages,  except  in  cases  of  great 
emergency.  These  offices,  which  in  Afghanistan  were  kept  only 
for  the  sake  of  keeping  up  the  communication,  were  called  officer 
of  observation.  Only  when  the  line  was  interrupted  on  either 
side  did  an  offi4>e  of  observation  keep  open.  In  this  case  the 
signaller  received  all  messages,  and  forwarded  them  across  the 
break  by  the  heliograph  or  best  means  available.  Secondrdass 
offices  were  those  to  which  certain  hours  were  allowed  for  the  use 
of  the  wire.  Their  instructions  were  to  come  in  the  first  thing  in 
the  morning,  from  10  to  11  a.m.,  from  3  to  4  p.m.,  and  the  last 
thing  at  night.  In  case  of  any  expected  attack  or  disturbance, 
particular  offices  were  ordered  to  come  in  more  firequently.  Firsts 
class  offi/xs  were  the  terminal  offices,  and  two  or  three  important 
intermediate  ones,  which  were  always  open  day  and  night. 

Atftrst-dass  offices  the  sounder  with  Siemens's  relay,  before 
described,  was  the  instrument  used.  At  each  second-class  office 
two  direct  working  sounders  were  used,  while  at  offices  of  obser^ 
vation  one  sounder  and  a  galvanometer  were  found  sufficient. 

The  second-class  offices  only  worked  with  the  station  on 
either  side  of  them,  and  with  the  nearest  fbrsUclass  office.  No 
matter  for  whom  their  message,  they  gave  it  to  the  nearest  fifn/t^ 
class  office  (unless  for  the  next  station),  and  the  first-class  office 
forwarded  it  on ;   the  object  in  view  throughout  being  to  allow 
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the  through  work,  the  most  important  in  one  sense,  to  be  got  off, 
and  at  the  same  time  to  give  each  small  office  a  fiair  chance  of 
getting  off  its  messages. 

It  must  be  borne  in  mind  that  the  telegraph  was  supple- 
mented by  the  heliograph,  and  every  station  had  its  heliographic 
communication  with  the  next  during  theday^  when  not  clouded 
over.  /^     /'^s 

Orders  regarding  the  use  of  the  fielg^telegr^h  ^^e  issued  from 
time  to  time  by  the  lieutenant-gene/nd  c^^l^didd,  as  necessity 
arose.  These  orders,  slightly  modified',  if  n^dessary^'io  suit  altered 
circumstances,  would  probably  be  found^/ePerAiVe  in  any  future 
campaign.  It  is  undesirable  to  put  more  restrictions  on  the  use 
of  the  field  telegraph  than  are  absolutely  necessary,  but  at  the 
same  time  a  single-wire  line  can  only  carry  a  certain  number  of 
messages,  and,  besides,  the  signallers  should  be  guarded  from  over- 
work. 

For  a  military  telegraph,  military  signallers  are  in  every  way 
preferable  to  civilians.  In  the  Afghan  campaign,  with  two  or 
three  exceptions,  the  signallers  were  all  soldiers,  and  may  be  said 
to  have  proved  a  great  success.  The  late  General  Kobinson, 
Director-General  of  Telegraphs,  introduced  the  system  of  training 
soldiers  at  telegraph  stations  throughout  India,  and  since  the 
introduction  of  the  system  a  large  number  of  men  have  been 
trained  and  employed  in  telegraph  offices.  Had  it  not  been  for 
this,  it  is  difficult  to  see  how  the  Indian  Telegraph  Department 
would  have  been  able  to  meet  the  demand  for  signallers  in 
Afghanistan.  As  it  was,  every  available  qualified  man,  even  from 
regiments  on  service,  had  to  be  taken. 

The  standard  of  qualification  for  a  military  signaller  is  to  be  able 
to  read  correctly  by  sound  at  the  minimum  rate  of  12  five-letter 
words  per  minute,  and  to  send  15  words ;  to  know  how  to  make  up 
a  Minotto  battery,  and  to  understand  the  ordinary  connecting  up 
of  instruments  according  to  the  method  in  use  in  the  Indian  Tele- 
graph Department.  When  he  can  do  this  he  is  qualified  to  work  in 
an  office,  and  receive  remuneration  at  the  rate  of  four  annas,  or 
about  sixpence,  a  message  up  to  a  maximum  of  25  rupees  (about 
£2)  a  month.     Military  signallers  when  on  field  service  in  India 
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are  no  longer  paid  by  the  message,  but  receive  12  annas,  or 
Is.  6d.,  a  day,  and  8  annas,  or  Is.,  a  day  more  if  in  charge  of  an 
office.  At  this  rate  of  pay  there  is  no  difficulty  in  getting  men  to 
learn;  on  the  contrary,  the  telegraph  service  is  becoming  very 
popular  with  the  British  soldier. 

It  seems  desirable  that  in  future  a  certain  number  of  m^i 
per  regiment  should  not  only  be  trained,  but  kept  in  practice*  It 
will  probably  not  be  possible  for  any  civil  administration  to 
employ  aU  the  trained  soldiers  in  their  offices,  and  rules  should 
therefore  be  made  to  ensure  each  trained  man  getting  a  fair  share 
of  what  employment  can  be  given,  and  to  prevent  one  man, 
because  he  is  a  specially  good  signaller,  getting  the  whole.  It  is 
no  use  training  a  man  unless  you  keep  him  in  practice,  and 
every  trained  man  ought  to  have  so  many  months*  work  yearly 
in  an  office  in  his  due  turn. 

Another  point  is,  that  for  field  service  the  signallers  should 
never  be  taken  &om  regiments  actually  in  the  field.  CcHnmanding 
officers  very  naturally  prefer  their  regiments  to  go  on  service  full 
strength,  and  object  to  having  men  detached  for  telegraph  duty. 
If  the  system  above  recommended,  of  having  so  many  men  per 
regiment  trained,  were  carried  out,  there  would  be  no  necessity  to 
take  men  from  regiments  in  the  field. 

Each  military  signaller  should,  on  qualfying,  be  given  a  book 
in  which  all  his  tel^aph  service  should  be  entered.  He  should 
be  re-examined  from  time  to  time  in  signalling,  and  the  rate  at 
which  he  can  receive  and  send  should  be  noted  in  his  book.  The 
book  should  show  all  payments  and  advances  made  him^  go  that, 
when  he  is  transferred,  the  officer  to  whom  he  goes  will  have  no 
difficulty  in  arranging  his  pay.  Every  signaller,  before  going  on 
field  service,  should  be  paid  up  to  date,  and  have  all  advances 
adjusted  before  he  crosses  the  frontier.  Only  good  signallers  and 
men  of  good  character  should  be  selected  for  field  service. 

There  is  another  point  which  in  practice  crops  up.  It 
sometimes  happens  that  a  private,  being  a  smart  man  and  good 
signaller,  is  placed  in  charge  of  an  officOi  with  a  corporal  or 
sergeant  under  him.  This  is  subversive  of  all  military  discipline^ 
but  it  is  difficult  to  avoid,  because  the  chaige  carries  an  extra 
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allowance  with  it,  which  should  he  given  to  the  man  who  is  best 
qualified  for  charge  of  the  office.  If  some  plan  could  be  laid  down 
for  giving  honorary  rank  to  a  deserving  man,  it  would  probably  get 
over  the  difficulty.  In  the  meantime,  no  corporal  or  sergeant, 
unless  he  is  fit  for  charge  of  an  office,  should  be  sent  to  the  front. 

It  seems  a  pity  that  there  should  not  be  a  more  intimate 
relation  between  the  army  signallers  who  work  the  heliograph, 
flags,  etc.,  and  the  field  telegraph  signallers.  The  Morse  alphabet 
is  used  by  both  in  signalling,  so  that  up  to  a  certain  point  the 
system  of  training  is  the  same.  There  is  no  reason  why  a  man 
should  not  qualify  for  both.  The  telegraph  service  is  better  paid, 
and  is  preferred  by  the  men,  involving,  as  it  does,  less  exposure. 
The  amalgamation  of  the  two  systems  is  not  advocated,  but  there 
is  no  reason  why  they  should  not  draw  their  signallers  from  a  com- 
mon source,  and  so  give  more  scope  for  the  advancement  of  deserv- 
ing men.  As  it  is,  the  field  telegraph  and  heliograph  are  bound 
to  work  together,  the  heliograph  taking  the  work  in  advance  of 
the  telegraph,  and  also  the  work  between  stations  which  can 
communicate  direct  by  this  means,  in  order  to  save  the  vrire  from 
overwork. 

The  Pbesident  :  All  members  present  will,  I  am  sure,  agree 
with  me  as  to  the  interest  and  importance  of  the  communication 
that  has  been  read  to  us.  What  is  required  to  be  done  in  such 
cases  as  that  with  which  Mr.  Luke  had  to  deal  is  very  obvious,  but 
it  is  not  equally  obvious  how  to  do  it.  Mr.  Luke  has  made  very 
definite  and  precise  recommendations  and  directions  as  to  the 
method  of  carrying  out  military  telegraphs,  and  I  have  no  doubt 
many  interesting  suggestions  and  criticisms  will  be  offered  by  those 
who  are  familiar  with  the  work,  and  who  are  now  present. 

Major-Oeneral  F.  B.  Maunsell  (Royal  Bengal  Engineers) :  I 
heartily  corroborate  Mr.  Luke's  statement  as  to  the  cordiality 
between  him  and  Sappers.  The  ColonePs  remarks  were  due  to  a 
note  of  mine,  describing  the  difficulties  under  which  the  military 
telegraph  laboured  in  India,  for  want  of  a  definite  organisation 
for  the  field — ^the  various  experiences  of  the  able  officers  of  the 
civil  telegraph  department  on  the  expeditions  in  and  from  India, 
VOL.  X.  18 


254  DISCUSSION  ON  MB.  LUKE'S  PAPER.  [May  26th, 

and  the  organisation  each  time  arrived  at,  being  thrown  to  the 
winds,  to  be  begun  anew  on  the  next  occasion,  with  a  repetition  of 
the  same  style  of  anxieties  and  obstacles.  The  organisation  of  such 
an  element  under  military  officers  and  soldiers,  with  time  and  the 
duty  to  arrange  all  during  peace,  on  the  same  general  basis  as  the 
civil  lines,  based  on  the  experiences  gained  on  these  civil-militaiy 
lines,  and  working  with  that  department,  had  been  on  the  tapis 
for  years,  struggling  against  active  and  passive  obstacles  of  aU 
sorts  (although  set  agoing  by  the  Secretary  of  State),  and  for  the 
first  time  had  been  able  to  obtain  employment  in  the  field  in 
Afghanistan;  and,  this  being  a  most  successful  experience,  I 
greatly  regretted  that  the  employment  of  this  element,  working 
hand-in.hand  with  the  civil  line,  had  been  ignored  by  the  heads  of 
the  civil  or  public  works  department  of  India.  I  considered  that 
the  obstacles  to  efficiency  in  these  things  wajs  due  to  the  tendoicy 
we  too  often  indulge  in  of  trusting  to  our  wits  and  general  experience, 
to  our  money  and  power,  for  improvising  on  emergencies,  and  to 
be  satisfied  with  what  has  generally  answered  our  former  wants ; 
that  the  advocacy  of  this  efficiency  was  not  the  slightest  reflection 
on  the  admirable  work  of  the  civil  lines,  although  this  has  been  an 
objection  raised  by  those  who  do  not  appreciate  the  advantages  and 
real  economy  of  completer  organisation  ;  but  that,  on  the  contrary, 
such  work  furnished  the  very  examples  from  which  the  advantages 
of  organisation  were  noticeable !  The  obstructions  by  officials  and 
departments^  and  the  difficulties  and  misunderstandings  necessarily 
arising  therefirom,  were  in  no  way  the  fault  of  Messrs.  Luke, 
Pitman,  etc.,  who  always  worked  on  intimate  terms  of  cordial 
friendship  with  the  Engineers,  each  branch  being  always  ready  to 
aid  the  other. 

Colonel  WOODTHOEPB,  R.E. :  I  have  not  much  to  say,  as  I  am 
not  an  electrician ;  but  I  would  like  to  mention  one  omission  in 
Mr.  Luke's  category  of  the  uses  of  the  telegraph  in  the  field,  vix., 
its  value  in  determining  the  longitude  of  a  place.  I  was  on  the 
survey  in  A%hanistan,  and  had  expected  that  determination  of 
longitude  by  means  of  the  telegraph  would  often  be  necessary. 
However,  the  country  turned  out  to  be  much  easier  than  we  had 
expected,  consisting  of  a  series  of  open  plateaux  surrounded  by 
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bare  hills,  high  or  low,  from  which  good  trigonometrical  observations 
could  be  obtained.  Few  countries^  I  imagine,  could  be  found  so 
fftvourable  in  every  way,  either  for  the  purposes  of  visual  signalling 
or  surveying.  We  were  able  to  check  the  work  frequently  by 
bearings  to  fixed  points ;  but  if  we  had  had  to  carry  on  long.route 
surveys  in  an  easterly  or  westerly  direction  without  any  other 
diecks,  the  telegraph  would  have  been  invaluable,  as  affording  the 
means  of  obtaining  our  longitude  by  comparison  of  our  time  with 
that  of  some  fixed  trigonometrical  station  in  India.  Time  would 
seldom  have  allowed  of  astronomical  observations  for  longitude. 
Bain  and  haze  did  not  often  interfere  with  our  operations.  Major 
Wynne,  who  was  in  charge  of  the  signallers  in  Kuram  Valley,  and 
who  is  now  in  charge  of  visual  signalling  at  the  Cape,  writes  to  me 
that  the  country  there  is  topographically  almost  as  favourable  to 
his  work  as  Afghanistan,  but  rain  greatly  interferes  with  him;  and 
he  complains  of  want  of  enterprise  on  the  part  of  the  Boers,  who 
will  not  go  for  the  telegraph  wires  and  give  his  signallers  a  chance. 

Major  Abmstbong,  R.E. :  India  is  such  a  very  special  country 
that,  from  want  of  personal  Indian  experience,  I  leave  the  discussion 
of  the  details  of  these  operations  chiefly  to  others  who  are  acquainted 
with  the  country. 

Major.Qeneral  Matmsell  has  already  mentioned  the  main  point 
that  occurred  to  me  on  hearing  Mr.  Luke's  paper  read,  viz.,  the 
necessity  for  organisation  of  the  field  telegraphs  of  India. 

A  line  advancing  3  miles  a  day,  and  worked  by  operators  read- 
ing (nominally)  12  words  a  minute,  cannot  be  considered  as  an 
adequate  preparation  for  a  struggle  of  such  magnitude  as  we  may 
be  involved  in  at  any  time,  and  in  which  defective  field  telegraph 
organisati(Hi  may  be  the  weak  link  where  a  break  occurs  and  the 
whole  is  lost.  It  is  therefore  to  be  hoped  that  the  experience  of 
the  present  and  other  campaigns  will  be  utilised  in  the  preparation 
of  a  definite  organisation. 

There  is  still  much  room  for  improvement  in  batteries  which 
have  been  used  for  field  telegraphy;  and  I  quite  concur  with 
Mr.  Luke  in  considering  the  batteries  he  mentioned  as  used  in  the 
ordmary  telegraphic  work  of  the  country  to  be  ill  adapted  for 
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field  use :  the  gravity  Daniell  is  manifestly  not  a  good  battery  to 
carry  about,  and  the  Leclanch^  will  not  stand  hard  work. 

The  requirements  of  a  really  good  field  tel^raph  battery  are — 
(Istly)  it  should  not  be  readily  damaged  by  carriage ;  (2ndly)  it 
should  be  of  moderately  low  resistance,  so  as  to  work  through  badly 
insulated  lines ;  (Srdly)  it  should  be  constant  and  lasting — ^that  is  to 
say,  its  electro- motive  force  should  not  suflFer  serious  deterioration 
either  during  hard  work  or  while  at  rest ;  and  (4thly)  it  should  be 
compact,  for  the  sake  of  portability. 

Mr.  E.  C.  Pitman,  CLE. :  Mention  has  been  made  during  the 
evening  of  the  military  signallers  employed  in  Afghanistan,  and 
Mr.  Luke  said  that  he  always  found  them  exceedingly  useful  and 
well  trained  men. 

I  willingly  admit  their  utility,  but  they  were  as  a  rule  any- 
thing but  well  trained  men.  Their  highest  rate  of  signalling  was 
twelve  words  per  minute,  and  some  of  them,  when  they  first 
joined  me  in  the  field,  could  only  read  by  sound  four  or  five  words 
per  minute.  Under  such  circumstances  it  was  most  difficult  to 
get  through  the  work  required  of  the  telegraph  department.  The 
men  did  their  work  as  well  as  they  could,  and,  after  some  practice, 
we  got  them  to  send  off  their  messages  in  something  like  decent 
time.  The  men  were  not  so  much  to  blame  as  the  system  under 
which  they  were  trained.  Anyhow,  the  delays  at  first  were  most 
serious,  and  at  one  time  a  break-down  seemed  inevitable. 

The  traffic  at  the  commencement  of  the  campaign  was  T^y 
heavy,  and  at  Quetta  the  messages  of  one  day  had  often  to  stand 
over  till  the  following  morning  before  they  could  be  despatched, 
notwithstanding  that  the  line  was  working  throughout  the  night. 

In  Southern  Afghanistan,  the  Minotto  was  the  only  kind  of 
battery  used.  These  batteries  were  packed  in  boxes  of  ten  cells, 
in  two  rows  of  five ;  each  cell  had  a  separate  compartment,  and 
was  surrounded  with  thick  felt,  and  the  ten  zincs  were  kept  in  a 
compartment  at  the  end  of  the  box.  When  it  was  required  to 
open  an  office,  all  that  was  necessary  was  to  make  the  camels  with 
the  signal  office  equipments  lie  down ;  as  many  battery  boxes  as 
were  required  were  taken  off  and  opened;  a  little  water  was 
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poured  into  each  cell ;  the  zincs  were  placed  on  the  sawdust  of  the 
cells  and  connected,  and  the  battery  was  ready  for  immediate  use. 

In  the  Lushai  campaign  of  1871-72,  I  used  both  Minotto  and 
Mari^  Davy  batteries.  The  latter  are  most  convenient  and  useful 
little  batteries :  they  were  packed  in  boxes  about  15  inches  long 
and  12  inches  broad,  and  they  did  all  that  was  required  of  them. 

I  must  say  that  I  disagree  with  Mr.  Luke  as  to  insulators  not 
being  required  for  field  telegraphs.  They  can  undoubtedly  be 
dispensed  with  to  a  great  extent  in  a  dry  country  like  Afghanistan, 
where  there  is  no  rainfall  for  many  months,  but  if  you  go  into  a 
country  like  the  Malay  Peninsula,  Ashantee,  Lushai,  or  Bhootan, 
the  dew  and  moisture  are  so  excessive  that  the  lines  will  not 
work  imtil  the  sun  is  well  up  and  the  fog  dispersed. 

In  the  Lushai  campaign  we  put  up  very  few  insulators  at  first, 
but  the  insulation  was  so  low,  owing  to  the  heavy  dews  and  the 
numerous  tree  contacts,  that  we  had  to  increase  the  number  firom 
15  or  20  insulators  per  mile  to  something  like  30  or  40  in  those 
places  where  the  line  ran  through  forest  or  grass  jungle.  After  that 
it  worked  very  fedrly  both  by  night  and  day. 

Now  as  to  interruptions.  On  the  Ehyber  Line^  the  wire  was  cut, 
I  think,  98  times  in  the  first  campaign  and  50  times  in  the  second  ; 
and  I  should  like  to  ask  Mr.  Luke  the  cause  of  these  constant 
interruptions,  and  if  he  was  well  supported  by  the  military  and 
political  authorities,  and  if  the  persons  who  cut  the  line  were 
punished.  When  the  Bolan  Pass  line  was  first  erected  in  lb77, 
the  adjacent  tribes  cut  the  wire  on  several  occasions,  stole  large 
quantities  of  it,  and  even  pulled  down  the  heavy  iron  standards  and 
carried  them  off  to  a  considerable  distance.  This  was  soon  put  a 
stop  to  by  making  a  severe  example  of  any  one  caught  interfering 
with  the  line ;  and  all  through  the  recent  operations,  extending 
from  the  end  of  1878  to  the  present  time,  the  line  through  the 
Bolan  Pass  was  hardly  ever,  if  at  all,  wilfully  damaged. 

In  Southern  Afghanistan  it  was  the  same.  The  line,  which 
was  constructed  of  light  bamboos  and  a  wire  weighing  300  pounds 
to  the  mile,  was  cut  as  it  was  approaching  completion,  a  few  miles 
from  Kandahar,  and  some  of  our  men  were  badly  wounded. 
Several  of  the  marauders  were  captured ;  some  were  shot  during 
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the  afilray ;  two  others  were  tried  and  hung ;  while  the  remainder 
were  fined,  and  their  village  destroyed.  In  another  instance  a  boy 
was  flogged  for  catting  the  line. 

These  punishments  had  the  desired  effect,  for  during  the  next 
nine  months,  that  is,  from  April  to  December,  1879,  there  was 
hardly  another  case  of  injury  to  the  line  in  a  distance  of  140 
miles;  and  I  must  again  express  my  best  thanks  to  General 
Stewart,  and  to  another  officer  who  is  well  known  to  telegraphists. 
Colonel  St.  John,  B.E.,  the  political  officer  at  Kandahar,  for  the 
ready  and  efficient  help  they  always  gave  me  on  all  occasions. 

I  did  not  notch  any  of  the  poles  on  the  Quetta-Kandahar  line. 
As  a  rule  the  300-lb.  line  wire  was  fixed  to  the  sapling  or  bamboo 
by  a  piece  of  600-lb.  iron  wire,  a  ^orfc  piece  of  which  was  twisted 
round  the  top  of  the  pole ;  one  end  was  turned  and  formed  into  a 
hook  on  which  the  line  wire  was  placed,  and  bound  to  it  with  a 
piece  of  No.  15  B.W.Q.  wire. 

A  question  has  been  asked  relative  to  the  collection  of  material. 

I  have  had  on  one  or  two  occasions  to  execute  heavy  works, 
and  the  issue  of  stores  was  invariably  left  to  our  own  store  depart- 
ment. The  arrangement  for  the  provision  of  the  stores  sent  to 
Afghanistan  devolved  on  Mr.  Brooke,  the  officiating  director  of 
construction,  and  their  actual  issue  on  Major  Eckford,  B.E.,  the 
superintendent  of  the  Calcutta  store-yard^  and  I  must  say  that 
the  equipments  were  most  complete.  The  stores  were  well  packed, 
and,  if  anything  was  wanted  quickly,  it  was  despatched  at  once 
on  the  receipt  of  a  telegram  asking  for  it.  Nothing  was  forgotten, 
and,  had  it  not  been  for  the  forethought  and  exertions  of  these  two 
officers,  great  delays  must  have  ensued. 

I  should  like  to  mention  that  the  Kandahar  military  telegraph 
was  made  into  a  commercial  line,  from  the  1st  June,  1879,  and  it 
remained  so  until  it  was  destroyed  last  autumn.  As  a  commercial 
line  it  was  thrown  open  to  the  public  without  restriction,  and  the 
remittances  to  India  from  the  Kandahar  office  alone  amounted  to 
over  £10»000,  and  I  think  the  total  receipts  of  the  line  almost 
covered  its  cost. 

It  is  a  matter  of  deep  regret  to  me  that,  owing  to  the  evaco. 
ation  of  Kandahar,  the  line  thither  should  recently  have  been 
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pulled  down.  It  now  only  reaches  to  Chaman,  77  miles  east  of 
Kandahar,  and  about  63  miles  west  of  Quetta.  I  regret  its  demo* 
lition  all  the  more,  because  I  think  it  will  again  be  required,  and 
that  we  shall  have  to  go  back  to  Kandahar  before  very  long.  (Loud 
applause).  Having  gone  back  there,  it  will  be  necessary  to 
establish  a  political  agent  at  Herat,  but  this  will  not  be  done 
unless  we  have  a  telegraph  there,  and  there  is  no  reason  whatever 
why  a  telegraph  should  not  be  laid  between  Kandahar  and  Herat. 
Having  got  a  line  to  Herat,  you  are  only  220  miles  from  Meshed, 
to  which  point  the  Persian  Government  have  a  telegraph  at  this 
moment  To  Teheran  there  is  an  excellent  first-class  line  from 
Europe,  and  with  very  little  outlay  the  existing  line  between 
Teheran  and  Meshed  might  be  put  into  good  working  order  and 
be  maintained  without  difficulty.  If  the  Persian  Qovemment  can 
maiTitftin  a  line  between  Teheran  and  Meshed,  I  do  not  see  why  a 
line  should  not  be  maintained  for  the  comparatively  short  distance 
of  220  miles  between  Herat  and  Meshed.  If  the  Turkomans  can 
be  held  in  check  and  prevented  damaging  the  lice  on  one  section, 
can  they  not  be  checked  on  the  other  ?  The  total  length  of  line 
required  to  connect  the  Indian  and  Persian  telegraph  systems  is 
about  600  miles,  viz.,  375  miles  from  Kandahar  to  Herat,  and  220 
from  Herat  to  Meshed  ;  and  this  link  would  comjdete  a  land  line 
of  telegraph  between  India  and  England.  The  existence  of  such  a 
line  would  enable  the  present  rates  to  be  reduced  very  considerably, 
and,  instead  of  having  the  present  high  charge  (not  unnecessarily 
high  considering  the  cost  of  cables)  of  something  like  five  shillings 
per  word,  we  should  have  a  rate  of  perhaps  one  shilling  per  word. 
By  taking  the  chiefs  of  the  native  tribes  inhabiting  the  districts 
through  which  the  line  would  pass,  into  our  employ,  and  making 
them  responsible  for  the  line,  as  was  done  so  successfully  in  Belu- 
chistan  and  Southern  Afghanistan,  freedom  from  malicious  inter- 
ference would  be  obtained,  and  the  line  would  be  kept  up  without 
much  danger  or  difficulty. 

The  poles  used  on  the  Kandahar  line  were  partly  teak  saplings 
sent  up  from  Bombay,  bamboos  bought  at  Kurrachee,  and  38 
miles  of  poplar  and  willow  poles  bought  at  Kandahar ;  we  also  had 
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60  plane  (Platanua  orientalia)  poles  for  the  Kandahar  end  of  the 
line. 

The  teak  saplings  averaged  in  length  17  ft.  9  in. ;  the  average 
diameter  at  the  base  was  3^  in.,  and  the  average  at  the  top  1^  in. 

The  plane  tree  poles  purchased  at  Kandahar  were  rather  more 
Babstantial,  and  were  used  when  passing  through  the  villages  im- 
mediately  outside  Kandahar  town.  Their  average  length  was  18 
ft. ;  diameter  at  butt,  5  in. ;  diameter  at  the  top,  2. in.  They  cost 
four  shillings  each,  and  weighed  about  60  lbs. 

The  poplar  and  willow  poles  bought  in  Kandahar'  ran  from 
J 3  ft.  to  18  ft.,  and  only  cost  one  shilling  each. 

No  poles  were  procurable  in  the  country  at  any  other  place 
except  Kandahar,  and  none  are  available  between  Kandahar  and 
Herat,  though  I  believe  a  certain  number  could  be  obtained  in  the 
villages  round  Herat. 

The  bamboos  were  about  22  ft.  high,  and  were  chiefly  used  for 
load  crossings.  Where  they  were  employed  on  a  straight  alignment, 
they  were  put  up  about  90  or  100  yards  apart ;  the  distance  be- 
tween the  teak  saplings,  willow,  and  poplar  poles  varying  firom  70 
to  110  yards. 

With  regard  to  transport.  We  employed  camels,  mules,  and 
ponies.  The  Qovemment  regulation  weight  for  a  camel  was  320 
pounds,  and  for  a  mule  or  pony  160  pounds ;  but  the  camels  could 
rarely  carry  more  than  250  pounds.  The  animals  were  very  sick 
and  weakly  from  the  hardships  they  suffered  during  the  winter  of 
1878-79,  from  exposure,  and  want  of  proper  food  and  clothing. 

I  think  you  will  like  to  hear  that  during  the  siege  of  Kandahar 
last  year^  throughout  the  whole  of  that  anxious  and  critical  period, 
the  telegraph  workmen,  who  were  mostly  Afghans,  remained 
staunch  and  faithful,  although  they  belonged  to  the  disturbed  dis- 
iricts.  Day  after  day  these  men,  who  were  unable  to  go  out  on  the 
line  and  repair  it,  were  employed  in  knocking  down  walls  and 
bouses,  a!nd  any  other  buildings  likely  to  impede  the  fire  of  our 
guns,  putting  up  wire  entanglements,  and  keeping  up  telegraphic 
communication  between  the  most  important  points  of  the  besieged 
town.  Mr.  Boteler,  the  oflScer  in  charge  of  the  telegraph  at  Kan- 
dahar,  was  not  only  engaged  by  day  as  an  assistant  field  engineer, 
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but  at  night  he  had  to  go  on  duty  as  an  ofiScer  attached  to  a  native 
raiment.  I  mention  this,  and  I  do  so  with  pride,  because  it  ought 
to  be  made  known.  This  is  a  most  suitable  occasion  for  mentioning 
such  services,  and  I  am  sure  you  will  all  be  interested  Id,  and  be 
glad  to  hear  of  such  matters. 

Professor  W.  E.  Aybton:  As  to  the  question  of  batteries, 
might  I  ask  if  the  Minotto  used  in  the  Indian  campaign  was  of  the 
ordinary  Minotto  form,  or  some  diminutive  cell  specially  designed 
for  the  occasion  ? 

Mr.  Pitman  :  Yes ;  the  ordinary  form. 

Mr.  Pitman  :  In  reply  to  Col.  Webber,  who  enquired  as  to  the 
failure  of  the  line  in  wet  weather,  I  would  say  that  in  Mardh,  1879, 
we  had  some  very  severe  rain  and  snow,  and  on  those  occasions  the 
oommnnications  failed  entirely. 

Col.  Webber  :  From  want  of  insulation  ? 

Mr.  Pitman  :  Yes ;  and  at  other  times,  when  a  slight  shower 
was  passing  over  any  portion  of  the  line,  the  communication  became 
80  bad  that  the  small  intermediate  offices  had  to  open  out,  and 
messages  were  then  repeated,  always  once,  and  sometimes  twice, 
between  Kandahar  and  Quetta,  a  distance  of  only  140  miles, 
thereby  very  considerably  delaying  them.  No  such  delay  would 
have  occurred  had  the  line  been  insulated. 

As  to  friction  with  the  military  telegraph,  we  had  none  at  all. 
They  were  unable  to  get  all  their  stores  to  the  front  on  account  of 
want  of  transport,  and  the  Sapper  telegraph  company  was  generally 
employed  making  roads.  At  Kandahar  the  Sappers  had  a  short 
line,  about  1^  miles  long,  connecting  the  headquarters  and 
Engineers'  camp  with  the  Qoverment  telegraph  office  in  the 
Kandahar  citadel,  and  we  worked  most  cordially  with  them. 

WiA  regard  to  the  civil  employes  of  the  Qovemment  telegraph 
department  being  under  military  law,  I  certainly  understood  that 
ihej  were  amenable  to  military  discipline,  and  should  say  most 
decidedly  that  Sir  Donald  Stewart  was  of  the  same  opinion.  I 
myself  was  immediately  under  the  orders  of  the  General  command- 
ing  the  force,  and  I  had  written  instructions  to  this  effect  from  the 
Adjutant-Oeneral. 

I  took  my  orders  regarding  the  route  for  the  line,  quarters, 
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position  of  offices,  etc.,  etc.,  from  the  AssistantrQuartennaster 
General  on  the  staff  of  Qeneral  Stewart,  and  not  from  my  owi 
department,  except  on  matters  of  detail ;  and  when  any  of  m; 
civilian  workmen  misconducted  themselves,  they  were  punishe4 
by  the  Provost-Marshal. 

On  the  other  hand,  the  only  people  who  escaped  punishment  fo 
offences  in  the  field  were  the  military  signallers  (the  Indian  Tele 
graph  Act  neither  applied  to  them  nor  to  offences  committed  ou 
of  India) ;  and  the  military  authorities,  as  represented  by  th 
Judge.Advocate-Qenerars  department,  expressed  their  inability  t 
punish  soldiers  for  what  they  termed  civil  offences.  These  civi 
offences,  mind  you,  included  wilfully  delaying  work,  and  refusin] 
to  signal  messages — offences  serious  enough  under  ordinary  circom 
stances,  but  much  more  so  on  active  service,  when  delays  to  tele 
grams  might  cause  very  grave  results. 

Colonel  Webber  may  rest  assured  that  our  civilian  employe 
were  well  provided  for  in  the  way  of  punishment,  and  that  the  onl; 
persons  who  did  not  suffer  for  their  misdeeds  were  the  militar 
signallers,  who  could  not  be  brought  within  the  scope  of  eithe 
military  or  civil  law. 

A  heforty  vote  of  thanks  was  then  passed  to  Mr.  Luke  for  hi 
paper. 

Lieut..Col.  Malcolm,  R.E.,  C.B. :  I  should  just  like  to  utte 
one  little  word  of  protest.  The  paper  began  by  a  quotation  froi 
Mr.  Freece,  who  is  used  as  an  authority  with  reference  to  what  i 
called  his  division  of  the  field  telegraph  service  into  four  part 
I  have  no  objection  to  raise  against  that  at  all,  except  that  it  wi 
officially  recognised  in  the  army  long  before  Mr.  Preece*s  lectui 
was  delivered ;  but  I  hope  that  the  lecture  this  evening  will  not  b 
taken  as  an  authority  for  doing  away  with  any  of  those  foi: 
divisions,  because  Afghanistan  happens  to  be  peculiarly  adapte 
for  visual  signalling.  I  am  certain  that  it  would  be  most  dangeroi 
to  abolish  the  flying,  or  field  line. 

There  are  many  other  countries  besides  Afghanistan  wit 
which  I  am  afraid  we  may  have  some  day  or  other  to  go  to  wai 
which  will  not  lend  themselves  so  freely  to  visual  signalliuj 
and  where  also,  as  has  been  pointed  out,  insulators  will,  und< 
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existing  circamstanceSy  be  a  necessity.  In  Asbantee,  for  example, 
it  is  constantly  wet,  and,  shoald  we  again  go  to  war  with  that 
coimtiy,  a  flying  telegraph  would  be  an  indispensable  portion  of 
the  eqnipment. 

On  behalf  of  soldier  officers,  I  would  like  also  to  add  that  we 
cannot  always  do  just  what  we  like  even  in  keeping  up  little 
bodies  of  trained  men  in  our  regiments ;  and  I  do  not  think  the 
proposal  to  draw  the  signalling  staff  from  regiments  not  engaged 
in  active  operations  would  always  work  well. 

In  conclusion,  I  am  delighted  to  hear  that  soldiers  and  civilians 
worked  so  well  together  at  the  front. 

Lieut.-CoL  C.  E.  Webbbb,  RE. :  Mr.  President  and  gentle. 
men, — I  have  on  former  occasions  addressed  the  Society  on  this 
subject,  and  I  only  wish  to  take  up  your  time  to-night  by  a  few 
words  on  the  paper  of  Mr.  Luke,  which,  I  must  say,  has  a  true 
practical  ring  about  it.  It  bears  evidence  to  the  magnificent  work 
of  which  he  was  the  superintendent  during  the  Afghan  campaign. 
I  fully  agree  with  him  (and  have  done  so  for  a  loDg  time)  in  bis 
condemnation  of  the  use  of  a  ground  cable  as  a  means  by  which 
you  can  ensure  the  transmission  of  messages  during  aoy  consider, 
able  period.  He  says  the  ground  line,  thirty  miles  long,  "  never 
lived  for  an  hour:*'  I  only  wonder  that  nobody,  so  far  as  I  can 
remember,  has  put  it  so  strongly  before. 

On  the  other  hand,  he  says  *'  it  is  extremely  probable  that  an  army 
would  traverse  a  country  in  which  they  could  always  procure  suitable 
poles ;''  but  Major  Hamilton,  R.E.,  who  commands  the  field  telegraph 
at  Aldershot,  can  tell  you  that  he  worked  for  several  months  in  Natal 
and  Zululand,  where  not  only  was  a  suitable  pole  unprocurable, 
but  there  were  no  poles  at  all ;  and  every  pole  had  to  be  carried 
from  the  sea.8hore  to  the  places  where  required.  Tbe  poles  used 
in  that  case  were  bamboos  from  India  and  Brazil.  A  great  num- 
ber, some  4,000,  came  from  Madras ;  and  the  Emperor  of  Brazil 
made  the  British  Government  a  present  of  between  2,000  and 
3,000,  for  which,  I  am  sorry  to  say,  he  never  received  any  thanks, 
4md  which  were  sold  eventually  for  about  sixpence  apiece.  I  do 
not  agree  with  Mr.  Luke  that  the  *'  joint  *'  is  the  weakest  part  of  a 
pole.     Poles  which  have  to  be  carried  (as  he  told  us)  by  mules 
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and  camels  must  not  have  longer  sections  than  7  or  8  feet.  I  have 
made  several  experiments  in  this  direction  myself,  and  I  found 
that  not  only  could  a  connecting  steel  tube  be  used,  like  the  joint 
of  a  fishing  rod,  most  satisfactorily,  but  also  that  a  splice.joint 
bound  by  wire,  in  the  hands  of  a  man  who  understood  how  to  use 
wire,  was  quite  safe.  At  the  present  moment,  at  Woolwich  Arsenal^ 
there  are,  I  believe,  between  2,000  and  3,000  of  such  poles,  ready 
at  any  moment  to  be  taken  where  they  are  required. 

Mr.  Luke  tells  us  also  that  insulators  are  entirely  out  of  place 
in  the  field.  Well,  I  think  he  will  willingly,  after  what  Mr.  Pitman 
has  said,  withdraw  partially  that  opinion,  because  he  must  be 
aware  that  campaigns  will  be  conducted  in  many  countries  where 
the  moisture  is  great,  and  where  the  rainfall  would  absolutely  de- 
stroy  the  insulation,  and  in  fact  where  the  insulation  would  be  very 
partial  with  the  best  insulators.  I  know  that,  until  Andrew's 
double-shed  insulators  were  introduced  on  the  lines  through  Egypt, 
in  the  heavy  rains  (which,  however,  rarely  occurred)  insulation  was 
absolutely  destroyed.  Mr.  Luke  has  not  told  us  (neither  has  Mr. 
Pitman)  whether  during  the  campaign  tbey  had  any  heavy  falls  of 
rain,  and,  if  so,  what  they  did  during  those  periods. 

As  regards  the  wire,  I  think  that  they  hit  upon  an  admirable 
size  in  their  No.  12  Indian  gauge,  which  appears  to  be  the  same  as 
No.  11  (or  a  little  larger  than  No.  11)  Birmingham  gauge.  We 
have  found,  not  only  in  this  country  in  Government  telegraphs, 
but  also  in  the  field  in  other  places,  that  No.  11  wire  is,  after  all, 
the  most  handy,  the  most  economical,  and  the  best  wire  for  your 
main  military  lines.  Some  of  you  will  remember  that  Lieut. 
Jekyll,  R.E.,  on  his  return  from  Ashantee,  read  us  an  interesting 
paper  on  the  military  telegraphs  in  that  country,  in  which  he  told 
VLB  of  the  great  advantages  No.  11  wire  ofiered  for  military  lines. 

Curiously  enough,  what  so  often  happens  in  other  countries, 
occurred  in  Lidia — the  war  was  eotered  upon  without  apparently 
any  preparation  being  made  for  the  military  telegraph,  and  this,  I 
think,  Major-Oeueral  Maunsell  has  also  led  us  to  believe. 

The  military  material  which  existed  in  the  country  was  prob. 
ably  at  Roorkee,  and  its  maintenance  had  been  more  or  less 
neglected  for  the  previous  ten  years,  and  there  was,  I  imagine, 
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only  enough  to  take  the  field  to  construct  a  very  short  line.  Mr. 
Luke  has  described  how  it  was  used  in  the  first  advance  towards 
Candahar  in  front  of  his  line,  and  afterwards  taken  down  and  re- 
erected  further  on.  A  certain  amount  of  dissatisfaction  appar- 
ently, and  most  probably,  arose  under  these  circumstances:  in 
fact  I  find,  from  a  report  made  at  the  time,  that  the  Departmental 
and  Sapper  lines  were  rather  in  the  position  of  jostliog  each  other 
all  along  the  road.  When  an  advance  was  made  it  was  the  same 
thing  over  again,  though  I  believe  such  was  not  the  intention  of 
the  General  Commanding.  ''The  Sappers  made  a  line  directly 
the  troops  moved,  and  with  a  rapidity  which  reflects  credit  on 
them ;  the  offices  got  to  the  front  at  the  same  time  as  the 
advance  guard,  and,  in  fact,  at  one  time  the  work  was  ahead  of 
the  advance  guard.*' 

Mr.  Luke's  remarks  show  the  necessity  for  organisation  and 
preparation  in  time  of  peace.  The  nucleus  of  military  telegraph 
at  Koorkee  only  had  an  insignificant  quantity  of  material,  and,  of 
course)  as  a  matter  of  common-sense,  the  National  Telegraph  of 
Lidia  was  called  upon  to  take  the  field  and  construct  the  line  (the 
military  telegraph  going  in  advance),  because  they  had  an  un- 
limited  quantity  of  material.  The  trained  staff  were  men  of 
calibre,  such  as  those  gentlemen  from  India  who  have  addressed 
you  to-night,  and  they  were  the  proper  people  to  do  it. 

When  a  war  breaks  out  you  use  the  best  and  readiest  means  at 
hand,  and  there  is  no  question  whatever,  in  the  mind  of  any  one,  of 
that  being  the  right  thing  to  do.  If  the  military  telegraph,  or 
field  telegraph,  whether  it  be  called  military  or  not,  had  been  or- 
ganised before,  and  organised  so  that  there  should  be  harmonious 
joint  working  with  the  state  telegraphs,  and  the  nucleus  (small  or 
large)  of  military  telegraph  had  been  used  for  a  special  purpose, 
none  of  the  friction  which  perhaps  rose  at  first  need  have  occurred. 
We  were  told,  on  one  side,  that  there  was  considerable  loss  in  con- 
sequence  of  the  lines  not  being  so  well  to  the  front  as  they  should 
have  been ;  on  the  other  hand,  we  have  heard  this  evening  that  in 
the  first  instance  the  military  telegraph  was  full  up  with  the  ad- 
vance  guard.  This  conflict  of  statement  also  points  to  the  previous 
organisation  which  Major  Armstrong  considers  so  necessary. 
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I  am  sore  there  ooald  have  been  do  wiser  step  taken  than  the 
organisation  which  has  been  established  in  this  country,  and  which 
occupied  eight  or  nine  years  of  hard  work  to  enable  it  to  come  to 
miccesB,  and  enable  it  to  do  what  it  is  intended  to  do.  We  can 
place  a  considerable  military  telegraph  force  in  the  field,  and 
there  is  every  reason  why  that  should  be  followed  up  by  a  con- 
siderable civil  telegraph  force :  there  is  every  reason  in  favour  of  it, 
and,  had  it  not  been  for  the  want  of  the  encouragement  to  the 
formation  of  a  volunteer  telegraph  force  in  the  Post  Office,  it 
would  have  come  into  existence  loDg  ago. 

Mr.  Luke  has  not  told  us  whether  the  civil  officials  of  the 
telegraph  department  in  India,  when  they  took  the  field,  were 
noder  the  Indian  Mutiny  Act,  when  beyond  the  Indian  frontier,  or 
not.  That  to  a  soldier  seems  a  very  necessary  thing,  because 
there  can  be  no  perfect  discipline  unless  everyone  employed  in  the 
field  is  under  the  same  law. 

Mr.  Luke's  paper  is  one  of  the  first  on  the  construction  and 
progress  of  telegraphy  in  an  uncivilised  country  that  has  been  read 
here.  I  hope  that  it  will  show  to  our  comrades  and  fellow-members 
of  the  Society  in  India  the  interest  that  is  shown  by  it  in  all  that 
comes  to  us,  especially  from  the  large  body  of  officers,  fellow-tele- 
grapbists,  and  men  in  the  service  of  the  State  Telegraphs  who  have 
been  working  in  the  defence  of  our  great  Indian  dependency  and 
Empire. 

Mr.  Josephs  :  I  am  afraid,  sir,  that  I  can  add  very  little  to 
what  Mr.  Luke  has  already  read  to  us  in  his  very  able  paper.  I 
carried  out  my  portion  of  the  work  very  much  on  the  same  lines  as 
he  did.  I  ileed  not  tell  you  that  I  went  up  a  hill  100  feet  higher, 
and  had  to  climb  over  a  little  worse  country  than  Mr.  Luke. 

There  is  one  feature  connected  with  this  military  telegraphy  to 
which  I  would  like  to  call  attention,  and  that  is  a  question  of 
organisation. 

I  think  that  the  erection  of  flying  lines  in  the  field  might  be 
much  accelerated  if  a  certain  number  of  men  in  eveiy  regiment 
were  instructed  both  in  the  erection  of  lines  and  trained  as  sig- 
nallers, they  being  always  attached  to  and  remaining  with  their 
regiments.     If  that  were  so,  as  the  army  advanced,  the  construction 
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of  the  line  could  be  done  withoat  any  difficulty,  no  special  de. 
tadiment  of  parties  or  any  other  arrangement  being  necessary. 
Each  brigade  as  it  advanced  would  take  up  its  own  piece  of  work, 
and  a  stronger  and  better  line  could  thus,  in  my  opinion,  be  erected 
than  under  present  circumstances. 

Major  Hamilton,  R.E. :  Colonel  Webber  has  kindly  men- 
tioned  my  name  as  being  connected  with  the  military  telegraph. 
I  am  in  command  of  the  telegraph  troop  at  Aldershot,  and  I  should 
like  to  make  one  or  two  remarks. 

First,  as  to  insulated  wire  not  having  been  any  good.  As  far 
as  my  experience  goes,  I  found  that  the  insulated  wire  taken  to 
Natal  for  the  Zulu  war  worked  extremely  well.  We  did  not  lay 
it  down  very  close  to  the  roads,  and  we  had  very  few  interruptions 
along  it.  The  worst  interruptions  that  occurred  were  caused  by 
grass  fires,  by  which  the  insulation  was  burned  off,  and,  conse. 
quently,  the  current  went  to  ground. 

Another  point,  one  which  I  thought  would  have  been  mentioned 
by  Major  Armstrong,  is  the  rapidity  with  which  a  field  telegraph 
can  be  run  by  laying  a  bare  wire  along  the  ground.  Some  recent 
experiments  have  been  tried  at  Chatham  and  at  Aldershot,  which 
show  that  by  using  the  Theiler  sounder  (which  gives  a  musical  note 
instead  of  a  click)  at  one  end,  and  a  telephone  at  the  other  end,  it 
is  possible  to  work  with  a  bare  wire  of  some  length  over  any  kind 
of  ground,  whether  dry  or  wet.  We  laid  some  bare  wire  along 
marshy  ground,  and  signak  came  out  as  clear  as  possible,  enabling 
signallers  to  read  up  to  30  words  a  minute.  In  order  to  test  the 
system  a  little  further,  we  took  some  30  yards  of  the  uncovered 
line  wire  and  dropped  it  into  the  canal,  when  signals  came  out  as 
distinctly  as  before.  A  further  test  was,  to  cut  the  wire  in  the 
canal,  when  the  ends  flew  back  from  each  other  about  9  or  10  feet, 
and  the  signals  were  perfectly  distinct,  although  not  so  loud.  I 
may  also  observe  that  we  poled  a  large  quantity  of  this  line,  and, 
whilst  the  operation  of  raising  this  wire  on  poles  was  going  on,  the 
signals  continued  iminterrupted.  I  have  seen  a  little  of  this  done 
before  in  Natal  and  in  the  Transvaal  (Col.  Webber  having 
kindly  brought  us  out  some  telephones) ;  and  on  one  occasion,  when 
we  bad  laid  some  bare  wire  alox^  the  ground,  we  were  getting 
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signals  on  the  scunder  while  the  ground  was  dry,  bat  in  the  earl; 
morning,  when  there  was  dew,  the  sounder  would  not  work.  How 
ever,  when  we  put  a  telephone  on  at  the  receiving  station,  instea 
of  a  sounder,  messages  were  received  quite  uninterruptedly,  th 
click  of  the  sounder  at  the  sending  station  being  quite  distinct 
but  that  is  nothing  whatever  in  comparisoD  with  the  Theiler  givin 
its  vibrating  currents  which  can  be  heard  through  any  resistance 
and  with  any  amount  of  leak  that  it  is  possible  to  imagine. 

Mr.  W.  H.  Fbeece  :  I  think  I  can  add  a  little  to  the  experienc 
and  the  application  of  telegraphy,  by  referring  to  the  very  lai 
telegraph  that  has  been  applied  to  military  purposes.  Of  a 
the  tel^raphs  that  have  been  sent  out  from  this  country,  this  hi 
perhaps  been  the  most  successful — I  mean  the  most  successful  i 
that,  while  it  never  was  put  up,  it  succeeded  in  doing  all  thi 
it  was  intended  to  do,  and  a  great  deal  more.  If  you  remembe 
a  short  time  ago  an  alarm  came  to  this  country  of  unexpecte 
troubles  with  Ashantee.  One  Friday  morning  the  Crown  agen 
for  the  Colonies  communicated  with  me,  and  asked  me  if  it  wt 
possible  to  send  out  to  the  Gold  Coast  20  miles  of  telegraph  full 
equipped  with  stores  and  men  and  telegraphists,  and  to  be  on  boai 
ship  at  Plymouth  on  Tuesday  morning.  From  Friday  to  Tuesda 
was  rather  a  short  time  to  send  out  a  fully  equipped  telegraph,  bi 
with  the  assistance  of  the  Boyal  Engineers,  who  are  attached  \ 
the  Post  Office  telegraphs,  it  was  done — it  was  done  on  Monds 
afternoon ;  and  in  less  than  a  fortnight  this  telegraph  was  at  tl 
Gold  Coast,  and  the  effect  of  it  was  to  prevent  the  outbreak  of  wf 
which,  without  it,  would  probably  have  taken  place.  Loi 
Eimberley  reports  that,  the  moment  the  Ashantee  king  hea] 
that  the  telegraph  had  arrived,  he  at  once  proclaimed  peace. 

I  remember,  in  my  young  days,  that  we  cricketers  used  1 
have  a  great  contempt  for  what  we  called  fireside-cricketers ;  and 
am  afraid  that  some  of  my  military  friends  have  a  certain  amount 
contempt  fur  fireside  military  lecturers  and  electricians  like  mysel 
I  have  criticised  their  performances,  and  have  called  into  questic 
their  acts,  and  have  on  many  an  occasion  preached  to  them  oi 
sermon,  and  that  sermon  was  upon  the  text  of  *'  Use  the  sounder. 
And  if  one  part  of  Mr.  Luke's  paper  has  afforded  me  more  gratii 
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ution  than  another,  it  is  the  fact  that  in  India  they  have  founds 
J  actual  demonstration^  that  the  practical  instrument  to  use 
>r  such  purposes  is  the  sounder ;  and  we  know  from  experience 
I  the  Post  Office,  that  we  get  more  work,  more  accuracy, 
drtainly  greater  simplicity,  and  more  perfection  altogether, 
y  the  use  of  the  sounder  than  by  any  other  instrument, 
xcept  perhaps,  for  certain  purposes,  the  telephone.  I  was  very 
lad  indeed  to  hear  that  the  experiments  with  telephones  which 
rere  being  carried  out  at  Chatham  and  Aldershot  were  so  promising 
f  success.  I  may  say  that  in  the  telegraph  equipment  sent  to 
he  Qold  Coast  telephones  were  included:  whether  they  have 
proved  successful  or  not,  I  have  not  yet  heard. 

I  was  rather  surprised  to  hear  from  Col.  Webber  that  attempts 
tave  been  made  for  the  last  ten  years  to  introduce  a  volunteer 
elegraph  service,  and  that  the  object  has  failed,  owing  to  the 
pposition  of  the  Post  Office  officials. 

Colonel  Webbeb:  I  did  not  intend  to  say  the  Post  Office,  I 
neant  the  War  Department. 

Mr.  W.  H.  Pbebob  (continuing)  :  I  was  going  to  say  that,  ten 
rears  ago,  I  undertook  to  take  charge  of  this  volunteer  telegraph 
orps.  I  was  temporarily  gazetted  as  a  captain,  but  I  have  never 
ret  received  my  commission,  owing,  I  believe,  to  the  opposition 
^f  the  War  Department. 

I  could  say  a  good  deal  more  on  this  point,  but  the  closing 
lOur  has  arrived,  and  I  can  only  express  my  very  great  gratifi. 
»tion  that  my  old  friend  Mr.  Luke  has  come  forward  to  assist  us 
nth  that  which  we  want  so  much — experience  and  practice. 

Mr.  S.  P.  V.  Luke,  C.I.E.,  in  reply,  said:  A  word  upon  the 
emark  made  by  Colonel  Webber  as  to  the  existence  of  friction 
>etween  the  civil  department  and  the  Sappers  in  the  first  cam. 
Mugrn.  As  far  as  I  know,  there  was  no  friction  whatever,  and  I 
hink  General  Maunsell  will  bear  me  out  in  saying  that,  and  that 
re  always  worked  together  most  satisfactorily  without  any  friction. 
Jome  of  the  work  was  done  twice  over,  but  that  was  simply  on 
iccount  of  inexperience  in  working  together. 

As  to  whether  the  civil  officers  were  under  the  Mutiny  Act  or 
lot,  I  cannot  say,  but  as  far  as  I  know  we  were  on  the  same 
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footing  as  every  one  else  on  active  service  across  the  frontier.  We 
were  transferred  to  the  military  department  altogether,  and  were 
placed  under  the  orders  of  the  Lieut-General  Commanding. 

The  Pbbsibent  :  Before  the  meeting  dissolves  I  have  a  matter 
of  some  importance  to  communicate,  and  that  is  in  connection  with 
the  Exhibition  of  Electrical  Apparatus  in  Paris,  which  you  are  all 
aware  is  to  be  held  this  summer.  It  has  been  decided  by  the 
Council  to  invite  members  to  attend  an  extra  meeting  of  this 
Society  in  Paris  during  the  Electrical  Congress  which  will  take 
place  in  September  and  October. 

What  is  at  present  proposed  is  that  the  Society  should, 
according  to  the  amount  of  business  forthcoming,  remain  in  session 
for  one  or  more  days  in  the  latter  part  of  September.  But 
detailed  arrangements  will  be  made  and  announced  to  members 
m  soon  as  possible. 

A  ballot  for  new  members  then  took  place,  at  which  the  follow. 
iDg  were  elected,  and  the  ordinary  meeting  was  adjourned  until 
the  10th  November,  1881  :— 


As  Foreign  Members : 

Antoine  Br^guet. 
Edouard  Hospitalier. 

As  Members : 

Alfred  Dillon  Bell. 

Charles  Curtoys, 

Warren  De  la  Rue,  D.C.L.,F.R.S 

John  BapiefiF. 


As  Associates . 
Shelford  Bidwell. 
William  Blandford. 
Herman  Erichsen. 
John  J.  Gilbert. 
James  Haig  D.  Jones. 
H.  C.  Wilson. 

As  Student  : 
Edwin  M.  Brooks. 
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MAGNETO-ELECTRIC  CURRENT  GENERATORS. 

By  OiiiVEB  Hbavisidb,  Associate, 

Perhaps  the  simplest  specimen  of  a  magneto-electric  current 
generator  is  a  coil  rotating  with  uniform  velocity  in  a  uniform 
ield  of  magnetic  force.  To  get  the  greatest  eflFect,  the  axis  of 
"otation  must  be  at  right  angles  to  the  lines  of  force.  The  varia. 
Jon  of  the  amount  of  induction  through  the  coil  induces  a  simple 
larmonic  E.M.F.  in  it,  and  the  result,  when  the  initial  effect  has 
ubsided,  is  a  simple  harmonic  current.  But  the  phase  of  the 
»rrent  is  behind  that  of  the  E.M.F.,  owing  to  the  self-induction  of 
he  circuit,  which  also  diminishes  the  amplitude  of  the  current 

Otherwise,  we  may  consider  the  current  at  any  moment  to  be 
hat  due  to  the  actual  E.M.F.  round  the  circuit  at  that  moment, 
iccording  to  Ohm's  law,  remembering  that  the  actual  E.M.F.  is 
he  algebraical  sum  of  the  E.M.F.  due  to  the  motion,  and  that 
lue  to  the  variation  of  the  current  itself. 

Symbolically,  let  M  be  the  induction  through  the  coil  when 
ts  plane  is  at  right  angles  to  the  lines  of  force  of  the  external 
ield,  a>  /  the  angle  turned  through  from  this  plane  at  time  t^  the 
angular  velocity  of  rotation  being  w ;  then  M  w  sin.  w  t  ib  the 
mpressed  E.M.F.  in  the  coil.  And  if  R  is  its  resistance,  R|  the 
ixtemal  resistance,  L  the  coefficient  of  self-induction  of  the  coil, 
Ji  the  external  ditto,  the  equation  of  the  current  is 

M  w  sin.  w  <  =  (R  +  R,)  7  +  (L  +  Li)  7 

consequently 

Mw&in.  wt  R+Ri-(L  +  L|)D 


M  w  sin.  {(ot—ff) 


(R+Kx)^+(L  +  Li)'o;' 


^  M  (u  sin.  w  t 


^{K+R^f+{L+L,yw' 
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where 

The  amplitude  of  the  current  is  therefore 


{(R+Ri)«  +  (L+LO'w}* 

and  the  angular  displacement  of  the  zero  is  6. 

The  above  is  applicable,  or  nearly  so,  to  any  magnetic  machine 
with  a  single  coil :  for  example,  a  Siemens'  armature  revolying 
between  the  poles  of  powerful  magnets,  the  effect  of  the  iron 
armature  being  in  the  main  simply  to  increase  M  and  L. 

By  reversing  the  connections  of  the  coil  with  the  external 
circuit  at  the  moments  of  zero  current, — that  is,  something 
between  0  and  \  revolution  after  zero  E.M.F.,  according  to  the 
speed,  etc., — the  external  current  is  put  into  one  direction ;  but 
since  the  current  varies  greatly  in  strength,  the  effective  E.M.F. 
of  the  machine  must  be  taken  as  the  product  of  the  mean  external 
current  into  the  resistance  of  the  circuit,  supposing,  of  course,  that 
there  are  no  other  E.M.F.'s  acting  in  the  circuit  than  already 
considered. 

If  r  is  the  mean  external  current, 

p  ^  2  Moi 

7r{(R  +  Ri)»  +   (L  +  LO"a>»j* 

and  the  effective  E.M.F.  of  the  machine  is 

r  (R  +  BO 

The  mean  current  increases  directly  as  the  speed  at  first,  but 
afterwards  more  slowly,  and  its  limiting  strength  is 

1         M 

TT     *  L   +   Li 

that  is,  the  ratio  of  the  mean  amount  of  external  induction  through 
the  coil  to  the  self-induction  of  the  circuit  per  unit  current.  (To 
bring  into  webers,  multiply  by  10.) 

The  theory  of  multiple  coils  is  quite  similar,  and  resembles 
that  of  galvanic  cells  joined  up  in  series  or  in  multiple  arc.  If  any 
number  n  of  similar  coils  rotate  simultaneously  in  the  same 
magnetic  field,  and  are  equally  acted  upon  by  varying  induced 
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S.M.F/8,  all  in  the  same  phase,  the  coils  may  obviously  be  joined 
ip  all  for  "  quantity  "  or  "  intensity  *'  without  any  interference, 
L  simple  harmonic  current  resulting  equivalent  to  that  from  a 
lingle  coil  with  constants  n  M,  n  B  and  n  L  in  the  intensity  case, 

md  M,   —  and  —  in  the  other.     And  reversing  the  coils  all  at 

he  same  moment,  the  external  current  is  put  in  one  direction,  as 
before,  though  of  very  varying  strength. 

With  only  one  coil,  we  cannot  get  rid  of  this  great  variation, 
»ut  using  many  coils  we  may  reduce  the  variations  as  much  as  we 
lease,  multiplying  their  frequency  at  the  same  time,  by  making 
he  phases  of  the  induced  £.M.F.*s  differ  by  equal  amounts  and 
eversing  every  coil  at  the  moment  of  zero  current  for  that  coil, 
apposing  the  others  not  to  act.  And,  curiously  enough,  the  re. 
oltant  mean  external  current  is  not  affected  by  the  changes. 

Thus,  to  fix  ideas,  suppose  we  have  any  number  of  coils 
xranged  at  equiangular  intervals  round  a  circle,  and  revolving 
ogether  in  a  uniform  field  of  force.  It  is  unnecessary  to  specify 
uy  particular  form  of  machine.  The  two  coils  at  opposite  ends  of 
jiy  diameter  have  exactly  equal  E.M.F.'s  acting  on  them  at  any 
noment,  so  they  may  be  joined  together  permanently,  and  treated 
;s  a  unit  in  the  arrangement.  Thus  we  have,  say,  n  pairs  of  coils, 
rhich  have  all  equal  simple  harmonic  E.M.F.  acting  on  them,  but 
^  different  times. 

Joining  them  up  in  series  by  means  of  an  7i.fold  commutator^ 
rhich  reverses  the  coils  one  after  another  in  proper  order,  let  M, 
I,  and  L  be  the  constants  used  before,  but  now  referring  to  a  pair 
if  coils,  and  suppose  No.  1  pair  to  act  alone, 

We  have 

M  (i>  sin.  ci>  <  =  (w  R  +  Ri)  7  +  (n  L  +  Li)  7  - 

herefore    • 

Mo)  sin.  {at  ^  0) 


7  = 


^here 


g=tan.-^^^"^^' 


6> 


71 K  +  Ri 
lere  7  is  the  current  in  No.  1  pair,  due  to  its  own  motion,  but 
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as  it  is  reversed  at  the  moments  of  zero  current  for  itself  the  meai 

external  current  due  to  pair  No.  1  is 

2^   Mw 

TT  {(tiR  +  Ri)»  +  (71  L  +  L,y  a>*}* 

Now,  letting  all  the  coils  work,  and  superimposing  the  currents 
we  have  a  mean  external  current  F,  where 

p  _  2  TiMft) 

~  TT  {(tiR  +  Ri)»  +  (nL  +  LiY  «>}* 
the  same  as  from  a  single  coil  with  constants  n  M,  tiR  and  n  L 
but  with  the  difference  of  having  many  small  variations  from  iti 
mean  strength  in  place  of  few  large  ones. 

It  is  to  be  remarked  here,  that  although  every  pair  is  sue 
cessively  reversed  at  the  moments  when  its  own  current  is  zero 
yet,  since  it  has  to  carry  the  currents  from  the  remaininor  n — 1 
pairs,  this  current  is  necessarily  reversed  suddenly :  so  that  whilst 
externally  we  have  a  nearly  steady  current,  and  also  in  the  coih 
in  series,  considered  as  a  whole,  yet  a  regular  succession  of  abrupt 
reversals  of  current  is  going  on  all  throuorh  the  series. 

So  to  minimise  the  unavoidable  sparking,  we  should  theoretic 
cally  subdivide  the  coils  as  much  as  possible,  thus  making  the 
inertia  of  the  currents  to  be  reversed  as  small  as  possible;  oi 
make  the  reversal  a  continuous  operation,  instead  of  intermittent. 

Joining  the  circle  of  coils  in  one  continuous  series,  and  putting 
the  external  circuit  on  between  opposite  ends  of  the  neutral  diameter, 
gives  an  external  current  equivalent  to  that  from  a  single  coil, 

with  constants  jr  M,  —  R,  -r  L. 

Now,  arranging  the  commutator  to  connect  the  n  pairs  of  coils 
for  quantity,  we  have,  considering  the  first  pair  alone  to  act, 

M  G)  sin.  o)  ^  =  R  7  +  L  7  +  R|  7i  +  Li7i 

and  also 

1 
Mg)  sin.  (Dt  =  R7  +  L7 — Y  (R7,  +  L7,) 

where  M,  L,  R,  L|,  Ri  are  as  before,  but  now  7  is  the  current  in 
No,  1  pair,  71  the  external  current  due  to  it,  and  7,  the  total  cur- 
rent in  the  remaining  n— 1  pairs  due  to  No.  1. 
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Also,  by  continuity^  7  -f  7j  =  71. 
Therefore 

__  M  tt>  sin.  Q>  t 

^'  ~  (R  +  n%y^{L  +  71 L,)  D' 


7,  =  -  (u  -  1) 


Ri  +  L,  D 


R  +  L  D  'y^ 

For  the  external  current  we  have 


7  =  7i  -  7s- 


7i  = 


M  tt>  sin.  (tt>  <  —  g) 


vrhere 


{(R  +  n  R,)"  +  (L  +  71  L,)>  a)»}* 


=  .on-.i^-±J?lk 


d  =  tan. 


R  +  TiRi 


CD 


rhis  is  due  to  pair  No.  1,  supposing  it  not  reversed.   But  reversing 

2 

it  at  the  proper  times,  we  have  a  mean  external  current  =  --  x 

TT 

Bonplitude  of  71 ;  and  consequently  n  times  as  much  when  all  the 
x>ils  act,  or 

2 Mo 

^ ■" TT  r /R  ;_ \2    /L 


{{l-^hi^-^IA' 


•p  T 

Uie  same  as  from  a  single  coil  with  constants  M,  —  and—,  with   of 

course  the  diflference  of  being  nearly  steady. 

For  simplicity  of  expression  we  may  replace  a  multiple  coil 
machine  by  its  equivalent  single  coil  machine,  say,  with  constants 
M,  L,  R,  and  with  external  current : — 

p  ^  2  M^ 

7r{(R  +  RO'  +  (L  +  h^fto'Y 

Varying  the  size  of  the  wire,  since  M  varies  as  the  number  of 

turns,  whilst  R  and  L  vary  as  its  square,  the  following  expression 

Follows  as  the  condition  for  maximum  current  with  a  given  speed 

of  rotation : — 

R"  +  L*  a>>  =  R|»  +  W  «• 

Neglecting  the  self-indaction  of  the  external  wire,  the  resist- 
since  of  the  machine  should  be  less  than  the  external  resistance, 
and  more  so  with  higher  speeds. 

Professors  Ayrton  and  Perry  advocate  extremely  high  speeds. 
Only  make  the  speed  high  enough,  and  R  becomes  very  small.    At 
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the  same  time  a  couDterbalancing  factor  will  come  into  play, 
namely  Li.  Als3  at  excessively  high  speeds  the  electrostatic 
capacity  of  the  line  and  other  things  would  need  consideration,  so 
that  on  the  whole  it  is  perhaps  premature  to  say  what  the  resist- 
ance of  excessively  high  speed  machines  should  be.  But  as  the 
experiments  mentioned  in  Mr.  A.  Siemens'  paper  show  that  the 
current  is  nearly  proportional  to  the  speed,  it  is  possible  that  there 
is  still  left  a  wide  margin  for  further  increase. 

Note. — Since  the  above  was  in  print  there  has  appeared  in 
the  Electrician  (June  18, 1881,  p.  70)  an  article  on  "  The  Theory 
of  Alternating  Current  Machines,"  relating  to  M.  Joubert's  ex- 
periments and  theoretical  conclusions.  Finding  experimentally 
that  the  current  from  an  alternating  current  machine  could  be 
represented  exactly  by  the  formula 

1  =  ? 

where  I  is  the  mean  current,  R  the  total  resistance,  a  a  constant 
proportional  to  the  speed,  and  e  a  constant  =  quotient  by  -v/2  of 
the  maximum  E.M.F.  of  the  machine  with  open  circuit,  measured 
by  a  Thomson  portable  electrometer,  M.  Joubert  sought  to  justify 
it  by  theory,  and  gives  the  theory  of  a  revolving  coil,  similar 
to  that  on  the  first  page  of  the  above  paper.  There  is,  however, 
this  peculiarity,  that  although  M.  Joubert  assumes  the  existence 
of  a  simple  harmonic  induced  E.M.F.,  which  implies  a  uniform 
external  field  of  force,  he  only  brings  in  the  speed  as  a  fjGustor 
afterwards  as  an  experimental  result,  whereas  it  is  a  necessary 
consequence  of  uniform  speed  in  a  uniform  field  ;  thus, 

E.M.F.  =  —  J-:  M  COS.  ck)  ^  =  M  ck)  sin.  to  t. 
at 

Also  M.  Joubert  employs  the  numerical  factor  —=  instead  of  the 

2  ^^ 

-  which  I  have  used. 

ar 
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Paddington  Station, 
June,  4th,  1881. 
To  the  Chairman  of  the  Editing  Committee. 

My  dear  Sir, — Referring  to  Mr.  A.  J.  S.  Adams'  paper  on 
earth  currents,  read  on  the  10th  of  February  last,  and  the  discussion 
thereon,  in  which  the  question  "  of  the  effects  of  the  flow  of  water 
against  or  under  an  insulated  wire  ''  were  discussed,  I  gave  on  a 
previous  occasion  the  results  of  some  experiments  I  had  tried ; 
but,  as  they  were  not  to  my  mind  satisfactory,  I  had  further  tests 
made,  and  now  give  you  the  results  of  the  same,  which,  in  my 
<^inion,  quite  disposes  of  the  question,  and  gives  an  instructive 
result. 

A  No.  7  G.P.  wire,  18  copper,  was  laid  across  the  Thames  at 
Reading.  The  current  at  this  spot  was  runniDg  about  14  miles 
per  hour,  so  the  place  was  well  selected  for  the  trial. 

Wire  in  the  Water. 


Deflection. 
Nil. 


Wrought  iron  earth  plates  at  both  ends 
Galvanised  „  ,,  „ 

Copper  „  „ 

Wire  out  of  the  Water. 
With  the  same  earth  plates^  results  were  the  same  as  above, 
Again. 


Wire  in  Water. 


Deflection. 


With  a  wrought  iron  earth  plate  at  one  end  and  a 

galvanised      „             ,,           at  the  other  end  30^ 

Wrought  iron  at  one  end  and  copper  at  the  other ...  75^ 

Galvanised  iron        „                „                „          ...  79^ 

Wire  out  of  Water, 
and  with  the  same  arrangements  of  earth  plates,  results  the 
same  as  above. 
A  telephone  was  then  put  into  the  circuit,  and  a  faint  rum- 
bling noise  was  heard,  but  this  did  not  in  the  least  interfere  with 
the  transmission  of  articulate  sounds. 

Thiuking  that  as  iron  earth  plates  always  produced  a  current, 
and  that  as  the  wire  on  which  the  foregoing  experiments  had  been 
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made  had  been  of  copper,  I  had  a  No.  16  galvanised  iron  wire  run. 
up  about  70  yards  or  so,  well  insulated,  and,  on  trying  this  wire 
with  the  same  earth  plates  as  were  used  before,  the  following 
results  were  obtained,  the  same  astatic  galvanometer  being  used : — 

Deflection. 

With  copper  earth  plates  at  each  end     Nil 

Galvanised  iron  rods  at  each  end     54° 

Wrought  iron  rods  at  each  end 38° 

These  experiments  conclusively  show  no  electrical  current  is 
produced  in  the  wire  by  a  current  of  water  against,  over,  or  under 
it,  and  also  clearly  point  to  the  fact  that  copper  is  the  proper 
material  to  use  for  earth  plates,  whether  iron  or  copper  "line 
wires  "  are  used.  Those  who  are  carefully  watching  the  effects  of 
earth  currents  should  use  no  other,  or  they  may  get  results  from 
chemical  action  which  may  very  easily  mislead,  and  be  mistaken 
for  natural  earth  currents. 

I  am,  my  dear  Sir, 

Yours  truly, 

C.  E.  Spagnoletti. 
Prof.  Aybton. 


MEASUREMENT  OF  THE  ELECTROSTATIC  CAPACITY 
OF  CABLES  AND  CONDENSERS. 

By  J.  GoTT,  Member. 

The  following  method  of  comparing  the  electrostatic  capacity 
of  condensers,  or  long  cables,  gives  identical  results  with  the  valu- 
able  system  proposed  by  Sir  W.  Thomson,  and  is  sometimes  more 
convenient,  as  a  carefully  insulated  battery  is  not  required : — 

a  h 


Z=^  Cable. 

One  end  of  a  slide  or  adjustable  resistance  is  connected  to 
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earthy  the  other  to  a  battery  key  and  condenser  (whose  capacity 
in  microfarads  h  known).  To  the  opposite  sido  of  this  condenser 
is  connected  the  cable  or  condenser  which  we  desire  to  measure. 

A  galvanometer  or  electrometer  is  connected  to  the  sliding  con. 
tact,  and  to  a  key  which  makes  contact  with  the  junction  of  the 
cable  and  standard  condenser. 

The  battery  is  now  to  bo  applied,  and  after  an  interval  of  five 
seconds  the  galvanometer  key  is  closed.  If  a  deflection  is  observed 
on  the  galvanometer,  its  key  is  opened,  and  the  battery  key  put  to 
earth.  The  resistances  in  a  and  b  are  then  to  be  readjusted,  until, 
upon  successive  applications  of  the  battery,  no  deflection  is  observed, 
when,  if  c  =  capacity  of  the  standard  condenser,  the  capacity  of 

the  cable  will  be  = — r— 

0 

If  an  electrometer  be  used,  an  approximate  balance  may  be 
obtained  without  removing  the  battery,  by  adjusting  the  slide 
until  the  electrometer  indicates  zero,  after  which  the  battery  key 
should  be  put  to  earth,  and  the  condenser  and  cable  recharged, 
until,  by  a  proper  arrangement  of  the  slide,  as  perfect  a  balance  is 
obtained  as  is  possible. 

A  very  short  time  suffices  to  measure  the  capacity  of  a  cable, 
and  the  method  will  be  found  particularly  handy  on  board  ship. 

If  the  experiment  be  made  with  a  Thomson's  electrometer,  the 
slide  resistance  is  not  absolutely  required.  Let  cP=tho  potential 
of  the  battery  in  divisions  of  the  electrometer  scale,  d  =  the 
deflection  when  the  electrometer  is  connected  to  the  cable  side  of 
the  condenser   (the    other  electrode  being  to   earth),    then  the 

capacity  of  the  cable  =  f -7-—  1 J  x  cap.  of  condenser. 

St.  Piirub  Miquklon, 
May  Ut,  1881. 
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A  SIMPLE  AND  EFFICIENT  LIGHTNING  CONDUCTOR. 
By  J.  QOTT,  Member. 

A  lightning  conductor  which  is  thoroughly  reliable  may  be 
made  as  follows : — 

Solder  a  smooth  metal  ball  about  half-an-inch  in  diameter,  or 
a  wedge-shaped  piece  of  met^il  with  rounded  edges,  on  the  end  of 
a  piece  of  G.P.  covered  copper  wire.  This  wire  is  to  be  connected 
to  the  cable,  instrument,  or  line  it  is  desired  to  protect.  Stretch 
tightly  as  possible  a  piece  of  rubber  from  a  toy  balloon  over  the 
metal  ball,  and  tie  it  over  the  G.P. 

This  ball  is  then  to  be  immersed  in  mercury  contained  in  a 
metal  cup,  which  latter  is  connected  to  earth.  If  the  rubber  is 
punctured  by  a  flash  of  lightning,  it  contracts,  and  a  tolerably 
large  surface  of  the  metal  is  instantly  in  contact  with  the  mercury, 

A  spark  from  a  small  induction  coil  will  exhibit  the  action  of 

tiie  apparatus. 

St.  Pixrbk  MiquiLOK, 
Ifoy,  1881. 
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O.rBdUCH— T&ANSMI88ION  OF  FOWEB  BY  DYNAMO  MACHINES. 

QMonaUhertekt  d$r  Kmigl.  Ahademie  d&r  W%$$mi$€haften  mu  .Berlin, 
ISthNov^ieSO.) 
The  author  has  undertaken  an  ezhaustiye  series  of  experiments  on  the 
aboye  question,  which,  he  is  of  opinion,  has  not  been  fully  investigated,  and 
giTBs  an  account  of  his  results. 

I.  ThI  OUERIlfT  PBOM  BiNAMO  MaOHIICBS. 

(a)  Eqvaticn  qf  Dynamo-dectrie  Equilibrium, 

Ohin*s  law  as  applied  to  a  magneto  machine,  with  external  resistance  in 
circuiti  takes  the  form 

*"  Ti  •••  •••  •••  •••  \*i 

in  which  I  is  the  current,  n  the  number  of  convolutions  on  the  armature,  t;  the 
number  of  revolutions,  B  the  total  resistance  in  the  circuit,  M  the  ratio  of  the 
the  E.M.F  to  the  number  of  revolutions,  a  quantity  which  the  author  calls  the 
■'effective  magnetism.'*  This  latter  quantity  is  the  sum  of  the  EJiCF.  which 
the  permanent  magnets  and  the  iron  core  of  the  armature  exert  on  one  convolu- 
tion of  the  armature  for  one  revolution.  The  same  equation  liolds  for  dynamo 
machines,  but  in  this  case^  since  the  machine  excites  its  own  magnets, 

M-/(I) (2) 

while  with  magneto  machines  M  is  nearly  constant.  Equation  (1)  when  written 

in  the  form 

I  I^  V 

»M    "■  /(I)    "     K 

gives  the  important  law  that  the  current  is  only  a  function  of  the  ratio  of  the 
revolutions  to  the  total  resistance.  This  law  holds  for  all  dynamo  machines, 
and  for  any  position  of  the  commutator,  and  is  therefore  the  ftmdamental 
equation.  The  only  quantity  which  varies  with  different  machines  is  the 
product  n  M.  If  »  is  given,  and  M  is  known  for  any  one  machine,  and  for  a 
certain  position  of  the  commutator,  then  I  can  always  be  calculated  from  the 
number  of  revolutions  and  the  total  resistance.  If  the  efl^sctive  magnetism 
were  simply  proportional  to  the  current^  the  latter  would  increase  to  infinity. 
Hence  there  is  equilibrium  only  if  the  magnetism  diverges  from  proportionality 
with  the  current,  which  is  in  ikct  always  the  case.  If  we  call  this  divergence 
f  (I),  then  equation  (I)  becomes,  putting  nM  «  cl  — ^  (I), 

V  1 
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from  which  follows  that  for  a  certain  current  the  number  of  revolutions  is  leas, 
the  smaller  the  divergence  of  the  magnetism  from  the  proportionality.  A 
d>^amo  machine  is  the  more  perfect  the  nearer  the  effective  magnetism  is  pro- 
ftckftlonal  to  the  current. 

(b)  Proof  (^  the  EqucAUm  of  Equilibrium, 

Numerous  experiments  were  made  with  one  of  Siemens  and  Halske's  large 
Dq  ilynamo  machines,  the  number  of  revolutions  and  the  external  resistance 
being  varied*  The  machine  was  differently  constructed  in  the  several  series,  as 
jiiiown  in  the  following  table : — 


Berles. 

AUfATUBB. 

TOTAI. 

Kean  distance 

fxom 

Iron  Ck>re. 

ConrolaaonB 

Batistance. 

ConTolutiona 

Resiatance. 

Resistance. 

mm. 

S.U. 

S.U. 

S.U. 

I. 

10-5 

456 

0290 

288 

0145 

0435 

n. 

21 

856 

0-580 

288 

0-H5 

0-725 

m. 

14 

1,960 

414 

1,296 

300 

7-140 

The  current  was  measured  by  an  electro-dynamometer,  the  constant  of  which 
li'ul  been  determined  by  electrolysis  of  copper.  The  external  resistance  was 
formed  of  long  strips  of  thin  sheet  iron,  which,  fh)m  the  large  surface  exposed, 
became  only  slightly  heated  by  the  passage  of  the  current.  The  brushes  on 
the  commutator  were  placed  in  every  experiment  in  such  a  position  as  to  g^ve 
a  maximum  current.  The  author  gives  tables  of  the  results,  which  are  too 
extensive  to  be  reproduced,  and  curves  were  plotted  from  them.  The  experi- 
tiients  showed  that  essentially  the  current  is  a  function  of  the  ratio  v  :  B,  as 
eriuation  (2)  states.  If  I  were  really  a  function  of  t; :  B,  then,  if  for  a  certain 
pi^sifcion  of  the  brushes,  and  a  certain  value  of  v  and  B,  a  certain  current  is 
obtained,  this  ought  not  to  alter  if  the  number  of  revolutions  and  the  total 
nai stance  are  changed  in  the  same  ratio.  This  is,  however,  not  exactly  the 
case,  but  if  v  and  B  are  both  proportionally  increased,  the  brushes  must  be 
sidvunced  slightly  in  the  direction  of  rotation  of  the  armature  to  obtain  the 
s^me  current  as  before.  This  phenomenon,  due  to  the  displacing  of  the 
magnetism  of  the  armature  by  the  rotation,  is  practically  of  little  influence. 

Referring  to  the  experiments  of  Meyer  and  Auerbach,  the  author  thinks 
rliat  the  deviation  of  their  results  from 'the  formula  was  due  to  the  brushes 
be  lug  kept  always  in  the  same  position ;  still,  generally,  the  current  appears  as 
fi  function  of  the  ratio  v  :  B.  With  the  currents  required  for  practical  use,  the 
r nrves  approach  so  nearly  to  straight  lines,  that  it  may  be  assumed  that  the 
cTirrent  is  a  linear  ftmction  of  the  ratio— number  of  revolutions  :  resistance. 
Ar;cordingly,  both  in  magneto  and  dynamo  machines,  the  increase  of  the  current' 
ii  proportional  to  the  increase  of  the  ratio  v  :  B.  There  is  only  this  important 
diflf^rence  between  the  two  lands,  that  the  magneto  machine  gives  a  current 
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ith  very  slow  revolntions,  while  the  dynamo  only  begins  to  give  a  current  for 
sertain  value  of  the  ratio  v  :  B. 

(c)  The  Effective  Magnetitm. 
The  efi^tive  magnetism  at  first  is  proportional  to  the  cnrrent,  bat  then 
(rays  deviates  more  and  more  from  proportionality,  and  tends  to  a  maximum. 
»r  still  more  powerful  currents  the  magnetism  must  gradually  diminish ;  for, 
the  electro-magnet  is  magnetised  to  a  maximum,  the  action  of  the  current  on 
e  magnetism  of  the  armature  must  increase,  and  therefore  the  whole  effective 
ignetism  must  decrease;  this,  however,  only  occurs  with  currents  much 
eater  than  those  likely  to  occur  in  practical  use.  Within  practical  limits, 
erefore,  we  may  assume  that  the  effective  magnetism  reaches  a  constant 

V 

K 


iximum.      If  we  put   ^   —  a  +  b  I,  then 


"Ke-O 


(3> 


dere  a  ii  the  value  of  the  ratio  ^  for  which  the  machine  first  gives  a  current, 
1 


d  £  is  the  factor  of  proportionality,  and  further, 

0 


M  = 


1 


a   +   61 


(4) 


which  —  is  the  factor  of  the  original  proportionality  between  M  and  I,  and 
a 

the  maximum  value  of  the  eflbctive  magnetism. 

The  carves  found  for  the  effective  magnetism  show  that  the  maximum  is 

ached  with  the  machines,  as  constructed,  at  a  comparatively  early  stage, 

id  the  causes  of  this  early  arrival  at  a  maximum  are  to  be  sought.    It  is 

"obable  that  these  catises  lie  in  the  magnetic  action  of  the  current  in  the 

ires  of  the  armature.    For  this  action  is  opposed  to  that  of  the  electro- 

agnets,  and  in  consequence  of  it  the  magnetic  axis  of  the  armature  is  rotated, 

;  the  same  time  that  the  force  producing  the  current  is  decreased,  therefore 

1  the  whole  the  effective  magnetism  is  diminished.    To  distinguish  between 

le  magnetising  force  of  the  electro-magnet  coils  and  that  of  the  armature 

ires,  the  current  from  a  second  dynamo  was  passed  through  the  magnet  coils, 

le  circuit  of  the  armature  completed  through  a  high  resistance,  and  the 

Ifference  of  potential  of  the  two  poles  was  measured  on  the  so-called  torsion 

dvanometer.    The  brushes  were  placed  at  the  position  of  maximum  effect, 

hich  coincided  nearly  with  the  plane  passing  through  the  two  parts  of  the 

rmatore  which  were  out  of  the  magnetic  field.    The  effective  magnetism  was 

btained  by  dividing  the  potential  by  the  number  of  revolutions  and  by  the 

nmber  of  convolutions  on  the  armature.     The  curves  deduced  rise  more 

apidly,  and  do  not  show  any  signs  of  approaching  a  maximum  value  at  an 

arly  stage.    The  results  experimentally  obtained  can  be  readily  calculated 

rom  the  formula  (4).    The  formulas  of  interpolation  take  the  following  values 

3r  the  three  constructions  as  given  at  the  commencement  for  the  three 

nachines:^ 
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If  is  the  eflectire  magnetism  plus  the  current  in  the  annatare ;  M|  the 
^t<tire  magnetism  alone. 
X.  Constinetiofi. 


Mi  -rnsT-^-F7Sn7»  «i  «»«*«-  -  0-«W»« 


I 

'14400  +  10*01 
n.  CoiMtnictaati. 

*- HsoTIsiol  »""»«•- *«»'" 

^»  -SroOlToW  I  i  »*»"««•  -  0-«»99 
OL  Oonitruction. 

«-820(rri880l'«'»«--<«»«'25 

From  this  it  is  evident  how  much  the  action  of  the  current  in  the  armature 
d )  mlnishes  the  maximnm,  viz.,  hy  ahout  ^  of  its  value.  These  results  can  also 
\m  employed  to  establish  the  laws  of  the  effect  of  the  current  in  the  armature 
ua  the  magnetism.  This  effect  is  equal  to  the  difference  Mi  —  M,  which  is 
imj|>jrtional  to  the  number  (n)  of  convolutions  on  the  armature,  increases  with 
an  increase  of  current  strength,  and  decreases  with  increasing  magnetism  (M|  )• 
Let 

Ml— M-ny-gj- 
aoil  ilnce 

^'"ai  All'    Mi-M-n7(ai  +  61I) 
and 

^  "  at  +  h  T — *  -y  («i  +  ^1  ^)      (5) 

This  formula   has  been  compared  with   the  above-mentioned   formuljB   of 

iDU^rpolation,  and  with  experiments,  and  was  found  to  agree  closely :  the  value 

2  — >i 

of  y  in  these  experiments  was  3-  X  10     , 

Of  the  two  coefficients  in  formula  (6),  61  is  independent  of  the  winding  of  the 
eoUv  of  the  electro-magnets.  Since  .—  means  the  maximum  value  of  the 
magnetism,  which  must  be  finally  reached  with  any  mode  of  winding,  on  the 
i it  her  band  ai,  the  reciprocal  factor  of  the  original  proportionality  between 
current  and  magnetism,  is  evidently  dependent  on  the  winding,  as  well  on  the 
n  umber  of  convolutions  as  on  their  distance  from  the  iron  core.  From  the 
experiments  it  was  fbund  that  ai  ->  ^,  where  m  is  the  number  of  convolutions 
on  the  electro-magnets,  a  and  q  being  constants,  for  which  the  values 
a  'o  116,000, 9  -  0729«  were  found.  Hence,  finally,  the  formula  for  calculating 
ihv!  effective  magnetism  of  a  Siemens  machine  takes  the  form 


M=5 ^yf-^  +  hl\ 
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(d)  The  Work  of  Pynamo  MadMnei. 
From  Joule's  law  the  work  consumed  by  the  machine  per  second  is 
A  a  elsB  ->  elE,  where  e  -  0-00181  according  to  Kohlrauschy  if  the  work  is 
expressed  in  horse-power,  the  E.M.F.  in  Daniell's,  the  resistance  in  Siemens* 
units,  and  the  current  in  -^rr-  units.  If  account  is  taken  of  the  so-called 
Foucault's  currents  induced  in  the  iron  core,  the  formula  becomes 

A  -  cIE  +  pE*, 

and  the  experiments  show  thatp  «  0-0009,  and  that  for  e  should  be  substituted 
a  constant  ci  -  0-00163.  The  following  table  contains  the  results  of  the 
experiments.  The  horse-power  required  to  rotate  the  machine  empty  is 
deducted : — 


Berol. 

Current. 

B.H.F. 

Work. 

O.I.B. 

0,J.l.+p.«*. 

129 

... 

14-5 

13-6 

0-21 

0-357 

0-84 

Ul 

... 

20-5 

18-2 

062 

0-675 

0-64 

187 

••• 

294 

249 

1-27 

1-32 

1-25 

180 

••• 

32-5 

28-7 

1-60 

1-69 

1-59 

200 

... 

877 

84^8 

227 

2-87 

2*25 

250 

... 

4&4 

421 

3-67 

3-54 

8-34 

298 

... 

58-7 

47-7 

4-74 

4-64 

4-89 

850 

••• 

599 

58-3 

6-09 

578 

5-46 

898 

••• 

65-6 

62-8 

7-86 

7-40 

701 

401 

••• 

668 

62-4 

7-66 

7-54 

7-14 

450 

••• 

72-8 

69-2 

9-26 

912 

864 

489 

••• 

74-4 

71-8 

10-42 

9-67 

917 

168 

1-85 

17-8 

22*4 

068 

0-70 

0-74 

216 

••• 

28*5 

811 

133 

1-82 

1-40 

247 

••• 

27-9 

86-9 

189 

1-86 

1-97 

802 

••• 

86-6 

49-8 

3-21 

826 

3-44 

851 

••• 

42*8 

581 

4-87 

4-50 

476 

401 

••• 

480 

66-8 

5-58 

576 

611 

449 

... 

52-8 

78-4 

6-82 

6-95 

7-87 

508 

••• 

57-2 

82*8 

889 

852 

9-86 

IL  Thx  Elbctsical  Tbansxission  or  Pownt. 
If  it  is  assumed  that  the  brushes  in  the  two  machines,  the  generator  and 
the  motor,  are  in  the  same  positions,  since  the  same  current  exists  in  both,  the 
effective  magnetism  must  be  equally  strong  in  both.  With  this  proviso  the 
following  formulsB  are  obtained  (E,  e  and  B  have  their  usual  meaning,  M  is 
the  effective  magnetism,  t;  the  number  of  revolutions  per  minute,  si  the  con- 
TolQtions  on  the  armature,  A  the  work,  8  the  heat  produced  by  the  current^ 
K  the  useful  effect^  1  refers  to  the  generator,  2  to  the  motor) :— . 
YOL.  X.  20 


ISO 
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I  «    ^  —  ^   ^  j^pi^rt 


Ai  -  e£i  I  -  el'B 


As  -  e£t  I 


cl'B-^- 


8  »  el^B,  A|  »  B  4-  As 
T^  -A,  rs  E, 
°Ar"17"  El 
The  fonnalsB  do  not  alwajrs  agree  with  the  experiments.  This  ib  especially  th« 
case  with  the  useful  effect^  From  the  formolsB  this  should  have  a  valae  a 
high  a^  90  per  cent.,  for  K  depends  only  on  the  ratio  of  the  two  velocities,  am 
the  Telocity  of  the  motor  can  increase  until  it  reaches  the  difference  hetween  th( 
velocity  of  the  generator  and  the  velocity  for  which  a  current  is  first  produced 
In  pra^  tice,  the  useful  effect  reaches  40  to  60  per  cent.  Fn  rther,  the  work  As  come 
out  smaller,  and  the  £s  greater  than  according  to  theory,  and  the  more  so  th< 
•mailer  the  work  As  is.  The  explanation  of  this  decrease  is  to  he  found  in  the  so 
called  Poucault's  currents,  which  are  induced  in  the  iron  core  of  the  armature 
The  chief  cause  of  these  currents  lies  in  the  action  of  the  electro-magnets  on  the 
rotating  core  of  the  armature.  In  the  generator  these  induced  currents  are  is 
the  same  direction  as  the  currents  in  the  wires  of  the  armature ;  they  weaken 
the  effective  magnetism  and  the  E.M.F.,  and  increase  the  work  expended  A|. 
In  the  motor  the  converse  is  the  case.  If  Ci,  es  represent  the  Foucault  cur- 
rents, u  the  resistance  in  their  circuit,  Hi,  Ms  the  effective  magnetism,  as  a  first 
approximation  we  ohtain 

Ml  -■  M  — -  ff  e| ;  Ms  ■=  M  +  c  cs 
Ml  V|  1   _    El  .  Mf  rs         1 

u 


«i  - 


El 


Es 


M  m  here  the  effective  magnetism  which  would  obtain,  if  the  Foucault  currents 
did  not  exist,  and  t  is  a  constant.    Putting 

--  -  i?i  Ml  -  M  (1  —  ij«i  ):  Ms  -  M  (1  -I-  ij  rs  )     •.. 


El  =  n  Ml  vi  -  n  M  (I  —  iy  vi )  «i 


E, - 
I  - 


I  n  Ms  vs  «  n  M 
El  —  Es        w  M 


(1  —  1?  vi )  «i  I 

(l+uvs)i'a)      

nM    c  •) 


(10) 

(11) 


The  expressions  for  the  work  become 

Ai  «-  e  n  I  Ml  vi  +   c  ci  Mi  Vi ;  As 
c 


lylMsVs  —  CpfMst^ 


OT  putting  - 


-P 


A,  -  elEi  +i)Ej;  A,  -  cIEs— pEj  

8-eI(Ei-E,),F,  -j)E»F, -pEjAi  -A, +8  +  Fi  +F, 


(12) 
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By  introducing  the  values  for  Ii  Wi  ti  t't  these  fonnulsd  become 

A,  -  el'B  -^-   h  +  ,v, .  !l±^_£l  .  -^1-  I 
t7i  —  va(  Vi  —  tjg        c        vi  —  v%} 


>(1») 


8  -  eI>B;  Fi  «.pISB> 


V* 


F, 


►  1*B« 


From  the  formulae  (12)  the  work  can  be  calculated  from  Ei^Ei^and  Ii^what. 
ever  may  be  the  position  of  the  brushes ;  but  in  using  formulas  (18)  to  deduce 
the  work  fh>m  the  current,  resistance  and  number  of  revolutions,  the  brushes 
must  be  in  the  same  position  on  both  machines.  A  full  series  of  experiments 
was  made,  the  work  being  measured  by  a  dynamometer,  the  current  by  a 
Siemens*  electro-dynamometer,  and  the  difference  of  potential  between  the  two 
poles  of  the  machines  by  a  torsion  galvanometer :  all  the  measurements  were 
taken  simultaneously  by  six  persons,  and  it  was  found  that  the  theoretical  and 
the  experimental  values  coincide  very  nearly.    A  few  examples  are  appended. 


V. 

Va 

ran. 

*2 

Dan. 

I 
Dan. 
8.U. 

E|-B, 

A, 
H,P. 

Calod. 
HP. 

A, 
H.P. 

Calod. 
H.P. 

N 
% 

Calod. 
% 

a 

Dan. 
8.U. 

COS 

Z99 

931 

66-4 

30-2 

86-7 

5-22 

5-87 

812 

287 

60 

54 

I/)18 

537 

161 

105 

69-5 

60-6 

... 

17-9 

9-44 

9-20 

... 

61 

694 

452 

66 

45-8 

161 

16-1 

1*99 

201 

0-88 

0-94 

44 

47 

727 

464 

97-8 

73-3 

18-3 

18-4 

4-27 

368 

1-81 

171 

48 

46 

605 

343 

94-7 

65-9 

38-7 

31-4 

601 

6-01 

8-85 

8-23 

56 

54 

501 

358 

57-2 

370 

151 

15-1 

1-70 

1-70 

0-70 

079 

41 

46 

C.  B.  ALDSB  WaZOKT— ON  THE  DETEBMINATIOK  OF  CHEMICAL 
AFFINITY  IN  TEBM8  OF  ELECTEO-MOTIVE  FORCE. 

(PaHi  in.  and  IV.  Pha,  Mag,,  Vol.  IL,  No,  67,  March,  pp.  169-196 ;  No.  68, 
April,  pp.  261-283,  and  No.  69,  May,  pp.  348-369.) 

The  author  first  discusses  the  most  recent  valuations  of  the  B.A.  unit  of 
resistance,  and  of  the  mechanical  equivalent  of  heat,  and  finally  concludes  that 
at  present  the  chances  of  the  B.A.  standard  ohm  being  below  the  true  theo- 
retical value,  109  C.G.S.  units,  are  about  equal  to  the  chances  that  it  is  above 
that  value ;  so  that  it  is  assumed  by  him  that  the  B.A.  standard  ohm  really 
possesses  its  nominal  value,  and  consequently  that  the  E.M.F.  of  Clark's  cell 
is  1*457  volts,  as  determined  by  Clark.  The  same  kind  of  reasoning,  however, 
indicates  that  Joule*8  water  friction  values  of  the  mechanical  equivalent  of  heat 
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are  somewhat  too  low ;  the  value  42  x  10*  represents  pretty  nearly  the  mos 
probable  value  of  J,  so  that  the  factor  for  reducing  gramme  degrees  to  £  JMLF 
units  (when  affinity  is  calculated  from  the  one  form  of  measurement  to  tin 
iAher)  is  4,410*0— 0.g.,  the  energy  measured  as  heat  by  10,000  gramme  degrees 
ii  measured  by  0-441  x  10^  E.M.F.  units  «  0-441  volts.  Clark's  cells  are  fooni 
t>  remain  permanent  for  some  few  months,  especially  when  put  up  ii 
bt^rmetically  sealed  glass  vessels  rendered  vacuous  by  a  Sprengel  pump  insteac 
or  the  ordinary  paraffin  wax- sealed  vessels. 

The  existing  state  of  knowledge  is  partly  discussed  as  regards  the  values  o 
tije  counter  E.M.F.  set  up  during  electrolysis,  of  the  **  subsequent  polarisation  ' 
(E.M.F.  between  the  electrodes  after  rupture  of  the  current),  and  of  the  E  JiLF.  o 
gag  batteries ;  and  it  is  shown  that  the  fluctuations  in  these  values  introduced 
by  varying  the  conditions,  and  various  other  facts,  as  also  the  results  of  s 
number  of  new  determinations  described  at  length,  are  all  in  accordance  will 
the  following  general  theory.  Let  it  be  granted  that  the  first  efl^t  of  electro- 
lysis is  to  break  up  the  electrolyte,  not  into  the  products  finally  formed,  but 
into  primary  « nascent "  products,  the  conversion  of  which  into  the  ultimate 
pri>ducts  would  be  accompanied  by  heat  evolution  ;  then  the  E.H.F.  reqnisitt 
to  break  up  the  electrolyte  wholly  into  nascent  products  would  be  a  fixed 
eonstant  amount  exceeding  that  requisite  to  break  it  up  into  the  ultimate 
products.  The  attractive  action  of  the  electrodes,  and  their  chemical  actioi 
upon  the  products  of  electrolysis,  however,  cause  more  or  less  of  the  **  nascent  * 
products  to  be  transformed  ab  initio  into  other  bodies,  the  amount  of  such 
itansformation  varying  with  the  rate  of  current  flow  and  other  conditions ;  sc 
that  finally  the  counter  E.M.F.  set  up,  «.«.,  the  amount  of  work  actually  done  in 
breaking  up  the  electrolyte  at  the  moment,  is  variable,  being  less  than  the 
limiting  maximum  by  an  amount  dependent  upon  the  conditions  of  the  experi< 
ment.    This  theory  is  expressed  by  the  following  formula  : 

s  =  E  +  [:5(l-n)H-:6(nfc)-:5(H)]xJ. 

where  « is  the  counter  E.M.F.  set  up,  E  the  E.M.F.  representing  the  work  done 
Id  breaking  up  a  gramme  equivalent  of  electrolyte  into  final  products,  n  thi 
f  mction  of  a  gramme  equivalent  of  products  evolved  otherwise  than  as  nascent 
products  (at  either  pole,  severally),  H  the  heat  of  transformation  of  nascent 
into  final  product,  and  h  the  heat  evolved  by  the  condensation  of  the  product 
upon  the  electrode  surface,  2  (H)  l>eing  the  algebraic  sum  of  the  beat  evola- 
tiuns  due  to  chemical  actions  between  the  electrodes  and  the  products 
il  iftusion,  &c. 

From  this  formula  and  the  results  of  a  large  number  of  experimenta] 
determinations,  it  results  that  the  E.M.F.  of  any  given  electro-motor  in  which 
^  gufi  is  evolved  (like  Smee's  cell),  or  a  metal  deposited  (as  in  Daniell's  battery) 
is  a  function  of  the  current  generated,  being  less  the  greater  the  current.  A 
number  of  experiments  in  proof  of  this  are  detailed,  as  are  also  many  others 
le4:i.dmg  to  the  following  general  results.  The  passage  of  a  given  quantity  ol 
ekctricity  through  an  electrolyte  causes  the  decomposition  of  one  and  the  same 
amount  of  substance  irrespective  of  the  time  taken  in  its  passage ;  in  othei 
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wordi,  conduction  without  electrolysis  does  not  take  place,  and  Faraday's  law 
is  true  for  ezcessively  minute  currents  as  well  as  for  those  of  considerable  mag- 
nitude. With  very  feeble  currents,  howeyer,  and  with  certain  electrolytes,  s^^ 
water,  the  quantity  of  products  of  decomposition  actually  collected  after  a 
given  time  does  not  absolutely  correspond  with  the  quantity  of  electricity  that  has 
passed,  even  after  obvious  sources  of  suppression  have  been  eliminated,  especially 
occlusion  in  or  condensation  on  the  electrodes,  solution  in  the  fluid,  or 
suppression  by  the  chemical  action  of  dissolved  gases.  The  cause  of  this  is  the 
*<  difltuion  discharge  **  produced  (in  the  case  of  water)  by  the  diffusion  towards 
the  —  electrode  of  water  containing  dissolved  oxygen,  and  towards  the 
4-  electrode  of  fluid  containing  dissolved  hydrogen  (and  similarly  in  other 
cases),  thus  causing  an  unavoidable  suppression  by  chemical  action.  When  the 
amount  of  suppression  due  to  this  cause  is  determined,  and  added  to  the 
observed  amount  of  decomposition,  the  total  corresponds  exactly  with  the 
quantity  of  electricity  that  has  passed. 

In  the  electrolysis  of  acidulated  water,  until  the  sources  of  loss  of 
hydrogen  other  than  «  diffusion  discharge  "  are  eliminated  (viz.,  solution  in  the 
fluid,  condensation  on  and  absorption  by  the  electrode,  and  action  of  dissolved 
oxygen  originally  present  in  the  fluid),  the  counter  EM.F.  set  up  when  a  given 
steady  current  traverses  a  given  voltameter  is  short  of  its  maximum  value  for 
that  current.  Simultaneously  a  deflciency  in  the  amount  of  hydrogen  collected, 
as  compared  with  that  due  to  the  quantity  of  electricity  passing,  is  noticed 
(even  after  correction  for  diffusion  discharge),  whilst  on  breaking  circuit  the 
rate  of  fall  of  the  "  subsequent  polarisation  *'  of  the  electrodes  is  more  rapid  than 
its  minimum  value  for  that  current.  On  the  other  hand,  as  soon  as  the  counter 
£.M.F.  reaches  its  maximum,  the  deflciency  in  hydrogen  disappears  (after 
correction  for  diffusion  discharge),  and  the  rate  of  fall  of  the  polarisation 
after  breaking  circuit  reaches  its  minimum.  The  more  nearly  completely  the 
sources  of  loss  are  eliminated,  the  more  nearly  does  the  counter  E.M.F.  set  up 
approach  its  maximum,  the  less  is  the  deflciency  in  the  hydrogen  collected, 
and  the  more  nearly  does  the  rate  in  fall  of  the  subsequent  polarisation 
approach  its  minimum. 

In  the  case  of  all  the  electrolytes  examined,  the  value  of  the  counter  E.M.F. 
set  up,  e,  is  found  to  increase  as  the  current  increases,  but  at  a  less  rapid  rate, 
so  that  the  curves  traced  out  by  plotting  currents  as  abscissss  and  counter  E.M.F. 
values  as  ordinates  are  concave  downwards. 

So  long  as  the  rate  of  flow  per  unit  area  of  electrode  surface  remains  the 
same,  the  value  of  «  is  constant^t.6.,  if  the  electrode  surface  and  the  current 
vary  in  the  same  way,  so  that  the  "  density  of  the  current"  with  reference  to 
the  electrode  surface  is  constant,  then  «  remains  the  same.  With  a  given  cur- 
rent, increasing  the  electrode  surface  diminishes  the  value  of  «. 

The  values  of  e  depend  on  the  material  of  which  the  electrodes  are  made. 
Other  things  being  equal,  carbon  gives  higher  values  than  platinum,  and  plati- 
num than  gold. 

In  the  case  of  acidulated  water,  rendering  the  solution  more  dilute  increases 
the  value  of  e ;  whilst  from  former  observers'  work  it  results  that  increasing^ 
the  temperature  decreases  «. 


m>  ABSTBACTS. 

By  means  of  the  above-cited  formula,  and  the  experimental  determination 
of  the  causes  which  make  e  to  vary,  etc.,  information  can  be  deduced  as  to  the 
amount  of  energy  with  which  gases  are  condensed  upon  the  surface  of  solids, 
and  in  particular  as  to  the  amount  of  energy  requisite  to  break  up  an  electrolyte 
mto  ** nascent"  products  solely.  By  conjoining  this  determination  with  the 
determination  of  the  methods  for  finding  the  E.M.F.  corresponding  to  the  energy 
requisite  to  break  it  up  into  the  final  products  (described  in  Parts  L  and  II.), 
information  can  be  deduced  concerning  the  affinity  of  the  constituents  of  this 
electrolyte,  and  the  variations  of  that  affinity  according  as  the  constituents  are 
*'  nascent"  or  in  their  ordinary  free  state.  For  instance,  the  energy  given  out 
in  the  transformation  of  nascent  hydrogen  and  oxygen  into  the  ordinary  tree 
gases  exceeds  the  energy  that  would  be  developed  by  the  union  of  these  gases  to 
form  liquid  water,  i.e.,  exceeds  the  energy  equivalent  to  84,100  gramme 
degrees,  or  to  1-50  volt. 


LOBD  BAYLEZOH  AND  ABTKI7S  SCHUSTES— ON  THE  DETEB- 

MINATION  OP  THE  OHM  IN  ABSOLUTE  MEASUBE. 

{Royal  Society,  May  Bth,  1881.) 

The  unit  of  resistance  in  general  practical  use  is  the  ohm^  which  was 
conatructed,  by  a  Committee  of  the  British  Association,  to  represent  10»  C.G.S. 
units.  Kohlrausch  has  found  that  the  ohm  is  2  per  cent,  greater  than  it  was 
intended  to  be ;  Bowland,  that  it  is  1  per  cent,  too  small ;  and  Weber,  that  it  is 
correct.  Lord  Bayleigh,  having  possession  of  the  British  Association  apparatus, 
made  such  alterations  in  it  as  were  thought  necessary,  and  proceeded  to  make  a 
measurement  according  to  the  original  method,  which  has  been  employed  by 
no  subsequent  experimenter.  This  method  consists  in  causing  a  coil  of  insu- 
lated wire,  forming  a  closed  circuit,  to  revolve  about  a  vertical  axis,  and  in 
observing  the  deflection  of  a  magnet  suspended  at  its  centre  from  the  magnetic 
mt^ridian,  the  deflection  being  due  to  the  currents  developed  in  the  coil  under 
tlie  influence  of  the  earth's  magnetism.  The  amount  of  the  deflection  is  inde- 
l>endent  of  the  intensity  of  the  earth's  magnetic  force,  and  it  varies  inversely  as 
ihe  resistance  of  the  circuit.  The  symbols  used  in  the  paper  to  explain  the 
theory  are  those  of  the  British  Association  Committee,  in  whose  reports  it  is 
fully  given.  The  corrections  depending  on  irregularity  of  the  earth's  magnetism 
at  the  coil,  on  imperfect  adjustments  of  the  coil  and  magnet,  are  exceedingly 
«!mall.  Lord  Rayleigh  considers  carefully  the  mathematical  expressions  for 
siilf-induction  of  the  coil,  and  for  the  field  produced  at  the  centre  of  the  coil  by 
unit  current.  These  expressions  involve  infinite  series,  and  care  must  be  taken 
t  h:it  in  the  working  formulae  all  important  terms  are  used.  He  also  corrects 
for  torsion  of  the  suspension  fibre,  and  alters  very  much  the  nature  of  the  sus- 
[lension  of  the  magnet.  Insulating  pieces  were  inserted  in  the  fmme,  and  tests 
ivere  made  as  currents  due  to  rotation  when  these  insulated  places  were  short- 
circuited  ;  short-circuiting  diminished  the  deflection  of  the  needle  by  the  one- 
feix-hundredth  of  itself.  An  important  alteration  was  made  in  bringing  the 
mirror  and  the  magnet  close  together  in  the  centre  of  the  coil,  there  seeming  to 
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be  no  optical  necessity  for  the  old  arrangement  in  which  the  mirror  was  above 
the  ooDy  since  only  very  rapid  eclipses  of  the  light  are  produced  by  the  rotation. 

Instead  of  driving  the  apparatus  by  hand  and  using  a  governor,  the  coil 
being  driven  for  ten  to  fifteen  minutes,  and  the  average  speed  being  taken,  a 
water  motor  was  employed,  driven  from  a  cistern,  and  the  speed  was  taken  at 
any  instant  by  a  tuning-fork  method.  The  author  gives  the  theory  cf  water 
motors,  and  describes  his  method  of  speed  measurement  at  some  length.  His 
governor  was  the  fHction  of  an  observer's  fingers  upon  the  cord  of  the  driving 
i^paratos.  Disturbances  of  the  magnet,  produced  by  rotation  of  the  coil  when 
it  was  not  closed,  were  shown  to  be  due  to  mechanical  vibrations  given  to  the 
air  in  the  box  enclosing  the  mirror.  In  taking  the  changes  of  the  earth's 
declination  during  the  experiment  the  simultaneous  Kew  observations  were  not 
used,  as  at  Kew  considerable  disturbances  arise  from  the  passage  of  steamers  on 
the  river,  but  a  separate  suspended  magnet  was  employed,  placed  far  enough 
away  from  the  suspended  coil  to  be  sensibly  unafifected  by  it. 

It  was  found  that  at  constant  speeds  very  consistent  results  were  obtained, 
but  the  defiection  fell  ofif  from  being  proportional  to  the  speed.  This  result 
gave  great  trouble,  the  coil  having  to  be  rewound,  and  the  whole  apparatus 
overhauled,  but  it  was  at  length  found  that,  although  inconsistent  with  the  B.A. 
reports,  the  inconsistency  was  due  to  an  error  in  the  statement  of  the  reports  of 
the  correction  for  self-induction. 

Into  this  question  of  the  correction  for  self-induction  of  the  coil,  Lord 
Bayleigh  enters  at  great  length.  He  measured  it  first  experimentally,  and  the 
theory  of  his  method  is  simply  given  as  follows.  L  is  the  coefficient  of  self- 
induction  of  a  coil  of  resistance  P  : — 

<<  The  arrangement  is  identical  with  that  adopted  to  measure  the  resistance 
of  the  coil  in  the  usual  way  by  the  bridge.  If  P  be  the  resistance  of  the  copper 
coil,  Q,  B,  8,  nearly  inductionless  resistances  from  resistance-boxes,  balance  is 
obtained  at  the  galvanameter  when  PS  »  QB.  This  is  a  resistance  balance,  and 
to  observe  it  the  influence  of  induction  must  be  eliminated  by  T^a-Tring  the 
battery  contact  a  second  or  two  before  making  the  galvanometer  contact.  Let 
us  now  suppose  that  P  is  altei-ed  to  P  +  8P.  The  efiect  of  this  change  would  be 
annulled  by  the  operation  of  an  electro-motive  force  in  branch  P  of  magnitude 
8P  .  fl,  where  0  denotes  the  magnitude  of  the  current  in  this  branch  before  the 
change.  Since  electro-motive  forces  act  independently,  the  effect  upon  the 
galvanometer  of  the  change  from  P  to  P  +  8P  is  the  same  as  would  be  caused  by 
8P  .  X  acting  in  branch  P  if  there  be  no  E.M.F.  in  the  battery  branch  at  all. 

« Betuming  now  to  resistance  P,  let  us  make  the  galvanometer  contact 
before  making  the  battery  contact.  There  is  no  permanent  current  through 
the  galvanometer  (G),  but,  at  the  moment  of  make,  self-induction  opposes  an 
obstacle  to  the  development  of  the  current  in  P,  which  causes  a  transient  cur- 
rent through  G,  showing  itself  by  a  throw  of  the  needle.  The  integral  magni- 
tude of  this  opposing  E.M.F.  is  simply  L^,  and  it  produces  the  same  effect  upon 
G  as  if  it  acted  by  itself.  We  have  now  to  compare  the  effects  of  a  transient 
and  of  a  permanent  E3I.F.  upon  G.  This  is  merely  a  question  of  galvanometry. 
If  T  be  the  time  of  half  a  complete  vibration  of  the  needle,  e  the  permanent 
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deflection  due  to  the  steady  E.M.F.,  a  the  throw  dae  to  the  traniient  E3LF^ 
then  the  ratio  of  the  electrc -motive  forces,  or  of  the  currents,  is 

T  2  SJTI  jg 
»       Uill  0 

**  Iff  instead  of  the  permanent  deflection  0,  we  otserre  the  first  throw  (0) 
of  the  galvanometer  needle,  this  hecomes 

T  2  sin  \a 
X   tan  ^/S' 
**  In  the  present  case,  the  ratio  in  question  is,  hy  what  has  heen  shown, 
ahoTe  aP.  «  :  Lx  or  BP :  L ;  so  that 

L_8PT  2jriMa 
~F"Tir  tan  1/3 

a  fbrmola  which  exhibits  the  time-constant  of  the  coil  P  in  terms  of  the  period 
of  the  galvanometer  needle.  Further,  to  deduce  the  value  of  L  in  ahsolnte 
measure  from,  the  formula  requires  a  knowledge  of  resistances  in  absolute 
measure." 

[The  practical  rule  to  find  L,  the  coefficient  of  self-induction  of  a  coil,  seems  to 
be :— Get  a  balance  in  the  Wheatstone  bridge  in  the  ordinary  way,  using  a  very 
delicate  galvanometer,  the  vibrations  of  whose  needle  are  not  damped.  In  this 
way  the  resistance,  P,  of  the  coil  is  known.  The  standard  coils  of  the  bridge 
are  supposed  to  have  no  self-induction.  Now  press  down  the  galvanometer  key 
before  the  battery  key,  thus  reversing  the  usual  process.  Observe  a,  the  tran- 
sient throw  of  the  galvanometer  needle.  Now  insert  an  additional  resistance, 
JP,  along  with  P,  and,  pressing  down  the  battery  key  before  the  galvanometer 
key  in  the  usual  way,  measure  the  first  throw,  /3,  of  the  needle.  Measure  also 
the  time,  T,  of  half  a  complete  vibration  of  the  needle,  and  use  the  measurements 
in  the  formula  which  has  been  given.] 

The  value  of  L  originally  ased  is  probably  too  small,  for  reasons  deduced 
from  10,  the  original  experiments;  20,  these  new  experiments;  3®,  direct 
measurement  as  just  described ;  4^,  Mr.  Niven's  calculations  from  the  dimen- 
sions of  the  coil.  A  careful  examination  of  certain  errors  in  the  original  calcu- 
lations seems  to  point  to  the  cause  of  the  discrepancy,  and  the  value  for  L  which 
is  used  by  Lord  Bayleigh  is  451,000  metres,  instead  of  437,000  used  by  the 
Committee.  There  also  seems  to  have  been  a  discrepancy  in  the  determination 
of  the  field  at  its  centre,  due  to  unit  current  in  the  coil ;  but  at  this  distance 
of  time  it  is  difficult  to  discuss  the  question.  Prof.  Bowland,  in  ignorance, 
apparently,  of  Maxwell's  previous  calculation,  has  shown  that  if  in  the  original 
experiments  we  assume  an  unknown  cause  of  error  proportional  to  the  square 
of  the  speed,  and  eliminate  it,  we  shall  arrive  at  a  value  of  the  ohm  differing 
very  appreciably  from  that  adopted  by  the  B j9l.  Ck)mmittee,  or 

0-9926  X  10»  C.G.S.  units. 

This,  then,  is  the  result  supported  by  the  original  experiments.  Bowland's  own 
experiments  give  the  value 

0  9911  X  10»  C.G.8.  units. 
The  paper  leaves  some  vagueness  as  to  the  kind  of  magnet  which  was  used. 
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The  Committee  had  used  a  spherical  magnet  as,  when  uniformly  magnetised, 
this  is  known  to  act  like  an  infinitely  small  needle  at  its  centre.  Lord  Bayleigh, 
near  the  end  of  his  paper,  suggests  the  use  of  four  little  needles  placed  parallel, 
aa  at  the  comers  of  a  square  prism  whose  length  is  2*8  times  the  side  of  the 
square.  But  Mr.  Schuster,  in  his  part  of  the  paper,  speaks  as  if  this  magnet 
had  actually  heen  used  in  the  investigation.  Lord  Bayleigh  finishes  his  part 
of  the  paper  by  referring  to  the  new  apparatus  which  has  been  ordered. 
*  With  the  new  apparatus,  and  with  the  precautions  pointed  out  by  experience, 
we  hope  to  arrive  at  very  accurate  results,  competing  on  at  least  equal  terms 
with  those  obtained  by  other  methods.  Most  of  the  determinations  hitherto 
made  depend  upon  the  use  of  a  ballistic  galvanometer,  and  the  element  of  time 
is  introduced  as  the  time  of  swing  of  the  galvanometer  needle.  There  is  no 
reason  to  doubt  that  very  good  results  may  be  thus  obtained ;  but  it  is,  to  say 
the  least,  satisfactory  to  have  them  confirmed  by  a  method  in  which  the 
element  of  time  enters  in  a  wholly  difl'erent  manner." 

Mr.  Schuster's  part  of  the  paper  deals  with  the  actual  methods  of  observa- 
tion and  necessary  corrections.  Examples  of  these  corrections  are  given,  and 
an  accoimt  of  some  of  the  difficulties  introduced  by  variations  in  the  resistance 
of  the  coil  and  alterations  of  the  zero  of  the  defiections  due  to  convection  air- 
currents  inside  the  needle  case.  Four  different  speeds  were  generally  taken 
alternately  in  opposite  directions.  The  absolute  resistance  of  the  rotating 
coil  was  found  by  these  experiments,  and  from  this  was  detennined  the  absolute 
resistance  of  a  certain  German  silver  standard  at  8*>-5  C.  Four  different  ex- 
periments gave  for  this  coil,  4-5888,  4*5880,  4-5878,  4-6885— mean,  4-5883.  With 
minor  corrections  the  mean  becomes  4-543  x  10^  C.G.S.  units,  and  the  coil  is 
found  to  have  4^591  ohms  when  that  one  of  the  stanaard  B.A.  coils  which  is 
8upxK>tfed  to  have  remained  most  constant  is  called  the  ohm.  Hence,  the  final 
result  of  these  Cambridge  experiments  is  that 

One  ohm  =  0985  x  10»  C.G.S.  units. 


J.  J.    TKOKSON— ON    THE   ELECTRIC  AND  MAGNETIC    EFFECTS 
PBOBUCED  BY  THE  MOTION  OF  ELECTEIFIED  BODIES. 

(PhilosophicaX  Magcaine,  Vol.  IL,  April,  1881,  pp.  229-249.) 

The  author  refers  to  the  experiments  which  have  been  made  by  Mr.  Crookes 
and  Dr.  Goldstein  on  the  behaviour  of  particles  of  matter  largely  charged  with 
electricity  and  moving  with  great  velo<;ities.  They  have  an  action  on  one 
another,  and  they  are  influenced  by  the  presence  of  a  magnet.  He  proposes  to 
consider  mathematically  the  problem : — According  to  some  theory  of  electric 
action,  what  is  the  force  acting  between  two  moving  electrified  bodies,  what 
is  the  magnetic  force  produced  by  a  moving  electrified  body,  and  in  what  way 
is  the  body  affected  by  a  magnet  ?  He  assumes  Maxwell's  theory  to  be  true^ 
that  variations  in  the  electric  displacement  in  a  dielectric  produce  effects 
analogous  to  those  produced  by  ordinary  currents  flowing  through  conductors. 
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The  charged  bodies  are  supposed  to  be  spherical  for  simplicity.  Th  proposi- 
tions proved  are  as  follow : — 

A  sphere  of  radias,  a,  moving  through  unlimited  space,  filled  with  a  medium 
whose  specific  inductive  capacity  is  k,  and  magnetic  permeability  /a,  experiences 
a.  resistance  to  motion,  because  at  any  instant  at  any  point  the  electrical  dis- 
placement in  the  dielectric  is  changing,  on  account  of  the  position  of  the  sphere 
changing.  A  changing  displacement  is  what  constitutes  a  current,  and  this 
current  is  an  evidence  of  energy  which  has  been  created  at  the  point.  Work 
must  have  been  done,  then,  upon  the  sphere,  if  it  started  from  rest,  greater  than 
the  mere  kinetic  energy  which  it  mechanically  acquires,  and  the  effect  is  the 
same  as  if  the  mass  of  the  sphere  had  been  increased  by  the  amount 

4      fie* 
Tb       a 
Tliere  is  no  need  to  assume  waste  of  energy  in  heat,  because,  although  currents 
are  produced,  the  resistances  are  infinitely  small. 

In  the  case  of  the  earth,  assuming  an  electrical  charge  such  as  Dr.  Mac- 
fa  rlane's  experiments  allow  us  to  assume,  the  increase  in  mass  required  by 
the  formula  would  be  650  tons.  For  spheres  of  different  mass  the  greatest 
increase  in  mass  varies  as  the  cube  of  the  radius;  hence  the  ratio  of  this 
increase  to  the  whole  mass  of  the  sphei*e  is  constant  for  all  spheres  of  the 
same  material ;  for  spheres  of  different  materials  the  ratio  varies  inversely  as 
the  density  of  the  material.  He  also  finds  that,  if  v  is  the  velocity  of  the 
sphere,  it  produces  the  same  magnetic  effect  in  the  medium  as  a  unit  length 
of  the  current 

fie  V 

situated  at  the  centre  of  the  sphere,  the  direction  of  the  current  being  the 
fsame  as  the  direction  of  motion  of  the  sphere.  That  is,  the  resultant 
magnetic  force  at  any  place  is  fie  v  sin.  «  -i.  r^  if  c  is  the  angle  between  the 
direction  of  motion  of  the  sphere  and  the  direction  of  the  line  of  length  r 
joining  the  point  in  question  with  the  centre  of  the  sphere,  and  the  force  acts 
at  right  angles  to  these  two  directions. 

An  explanation  of  the  phosphorescence  observed  in  vacuum  tubes,  different 
fi-om  the  cause  assigned  by  Mr.  Crookes,  is  that  when  an  electrified  particle 
strikes  the  glass  it  changes  the  direction  of  its  motion,  and  therefore  there  is  a 
rapidly  varying  electro-motive  force  in  the  glass.  This  is  exactly  what, 
according  to  Maxwell's  theory  of  light,  glass  is  subjected  to  when  a  beam  oi 
l^ght  falls  upon  it,  and  this  is  the  ordinary  method  of  exciting  phosphorescence. 
An  objection  to  this  theory  is  that  the  whole  tube  ought  to  phosphoresce,  but 
the  author  shows  that  Stokes'  law  of  phosphorescence  and  the  investigationa  oi 
Spottiswoode  and  Moulton  dispose  of  this  objection.  He  also  explains  an 
experiment  of  Goldstein,  which  showed  that,  if  the  particles  are  stopped  by  a 
v^ry  thin  layer  of  collodion  covering  the  glass,  the  glass  does  not  phosphoresce ; 
the  calculated  varying  electro-motive  force  is  as  the  square  of  the  distance 
from  the  glass  of  the  screen  which  stops  the  particles. 

The  author  next  investigates  the  deflection  produced  by  a  magnet  on  thf 
path  of  an  electrified  air  particle,  and  then  the  force  between  two  such  particles 
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and  be  deduces  a  law  which  differs  materially  from  Weber^s  law.  According  to 
Weber^  law,  the  force  between  two  particles  does  not  depend  on  the  actual 
Telocities  of  the  particles,  bat  only  on  their  velocity  relative  to  each  other ; 
whereas,  according  to  the  theory,*  the  forces  depend  on  the  actual  velocities  of 
the  particles  as  well  as  on  their  relative  velocities :  thus  there  is  a  force  between 
two  charged  particles  moving  with  equal  velocities  in  the  same  direction,  in 
which  case,  of  course,  the  relative  velocity  is  nothing.  Of  course  the  actual 
velocity  of  a  particle,  as  taken  in  the  paper,  is  its  velocity  relatively  to  the 
medium  in  which  it  is  moving.  If  Clausius'  notion  of  a  current  is  accepted,  it 
follows  trom.  Maxwell's  theory  that  the  electro-dynamic  phenomena  produced 
by  a  current  depend  on  the  magnetic  permeability,  but  do  not  depend  on  the 
specific  inductive  capacity  of  the  medium.  This  agrees  with  Faraday's  experi- 
ments. He  found,  using  media  whose  magnetic  permeabilites  were  all  nearly 
unity,  that  although  their  specific  inductive  capacities  were  very  difl*erent,  they 
seemed  to  produce  no  change  in  the  magnetic  effects  produced  by  the  current. 


BOLTZMANir— THE  THEOBY  OF  GAS  FBIOTION.t 

{Kaiserliche  Akademie  d&r  Wistemchaftdn  in  Wien,  Math.  Natu/rw.  Claste,  Jan,  15, 

1880,  pp,  11-13.) 

The  author  towards  the  end  of  his  memoir  shows  that  Mr.  Hall's  experi- 

mentst  enable  us  to  calculate  the  absolute  velocity  of  electricity  in  a  current. 

If  the  gold  leaf  of  length  I,  breadth  6,  is  in  a  uniform  magnetic  field  of 

inteosity  m,  the  electro-magnetic  force  acting  on  it  at  right  angles  to  the  lines 

of  force  is 

ml  J, 
~       V 

if  J«  is  the  current  in  electrostatic  measure,  and  v  is  the  ratio  of  electro-magnetic 
to  electrostatic  units.   If  in  time  t  a  quantity  of  electricity  e  passes  through  the 

cross-section  of  the  gold  leaf  with  a  velocity  c,  then  J,  =  ~  =  -j-  and  hence 
m  e  e 

V 

*  The  ftctQftl  retnlt  found  by  the  aathor  is  this :— If  charges  on  the  spheres  are  e  and  e' ,  M- 

the  magnetic  permeability  of  the  medimn,  R  the  distance  between  the  particles,  q  and  ^i  the 

velocities  of  the  spheres,  and  <  the  angle  between  their  directions  of  motion,  if  g^  is  the 

ttoedertUum  of  the  second  iphpre,  then  the  forces  acting  on  the  first  sphere  are  an  attraction 

flee* 

j^  qq,  cos.  €, 

along  the  line  of  centres;  a  force, 

T&   ^» 
in  the  direction  opposite  to  acceleration  of  second  sphere ;  a  force, 

/*^       _±    /2.\ 
3     «»  rf  t   V  H  / 
In  direction  opposite  to  ditection  cf  motion  of  second  sphere.   It  will  be  seen  bom  this  that 
the  fbroes  acting  on  the  particles  are  not  equal  and  opposite. 

t  This  and  the  following  four  abstracts  relate  to  the  "  Hall "  effect. 
X  Bee  abstract,  Joum,  8oe.  Tel  £ng,.  Vol.  IX.,  1880,  p.  66. 
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If  now  there  is  a  difference  of  potential  p  at  two  places  whose  distance 

apart  is  b,  then  the  force  acting  on  the  quantity  of  electricity  •  ia  ^  •  Hence  in 

TT-iit                     ^1       pe      mee      pe  pv 

Kail's  experiment  k  -  ^—-  or . — or  c  —  ^ . 

From  this  formula  the  absolute  velocity  e  of  the  electricity  in  the  current 
may  be  determined.  It  is  the  velocity  with  which  a  wire  of  length  b  most  he 
nioved,  perpendicular  to  itself,  in  the  field  to  generate  in  the  galvanometer 
circuit  the  actual  current  measured. 


B,  E.  HALIr— ON  BOLTZMANN'S  METHOD  FOR  DETERMINING  THE 
VELOCITY  OF  AN  ELECTRIC  CURRENT. 

{8aiimam*§  American  Joumai,  Vol,  XIX^  1880,  pp.  52-54.) 
The  author  refers  to  the  paper  of  which  an  abstract  has  just  been  given,  and 
t1 1  inks  that  there  is  a  fund  amen  tal  error  in  Boltzmann's  reasoning.  To  make  this 
error  clear,  he  shows  that  on  Boltzmann's  assumption  that  the  electro-magnetic 
force  acting  at  right  angles  to  the  lines  of  force  in  the  field  ought  to  be  equal 
tti  the  force,  due  to  electrostatic  action,  acting  on  the  electricity  in  the  gold 
leaf,  the  amount  of  this  force  in  the  direction  of  the  primary  current  in  the  gold 
leaf  ought  to  be  exceedingly  great— 600,000  dynes  per  centimetre  of  gold 
leaf  strip  in  a  special  case  which  he  considers.  He  also  considers  that  his  more 
recent  discovery  of  the  change  of  sign  of  the  observed  electro-motive  force  in 
iron  gives  another  objection  to  the  theory. 


BOWLAiro— PRELIMINARY  NOTES  ON  MR.  HALL'S  RECENT 

DISCOVERY. 

{American  Journal  of  Mathemat\c$^  Vol,  II,,  pp,  854-856.) 

The  recent  discovery  by  Mr.  Hall  of  a  new  action  of  magnetism  on  electric 
currents  opens  a  wide  field  for  the  mathematician,  seeing  that  we  must  now 
regard  most  of  the  equations  which  we  have  hitherto  used  in  electro-magnetism 
as  only  approximate,  and  as  applying  only  to  some  ideal  substance  which  may 
or  may  not  exist  in  nature,  but  which  certainly  does  not  include  the  ordinary 
metals.  But  as  the  effect  is  very  small,  probably  it  will  always  be  treated  aa  a 
correction  to  the  ordinary  equations.  The  facts  of  the  case  seem  to  be  as 
ivllows,  as  nearly  as  they  have  yet  been  determined : — Whenever  a  substance 
Lransmitting  an  electric  current  is  placed  in  a  magnetic  field,  besides  the 
ordinary  electro- motive  force  in  the  medium,  we  now  have  another  acting  at 
right  angles  to  the  current  and  to  the  magnetic  lines  of  force.  Whether  there 
may  not  be  also  an  electro-motive  force  in  the  direction  of  the  current  has  not 
yet  been  determined  with  accuracy,  but  it  has  been  proved  within  the  limits  of 
accuracy  of  the  experiment  that  no  E.M.F.  exists  in  the  direction  of  the  lines 
of  magnetic  force.  This  E.M.F.  in  a  given  medium  is  proportional  to  the 
strength  of  current  and  the  magnetic  intensity,  and  it  is  reversed  when  either 
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the  primary  cnrrent  or  the  magnetism  is  reyersed.  It  has  also  been  lately 
fyaod  that  the  direction  is  different  in  iron  from  what  it  is  in  gold  or  silver. 
The  author  shows  that  if  we  draw  a  line  AB  to  represent  the  original  current 
at  A,  and  that  AG  at  right  angles  to  AB  represents  the  new  effect,  then  AD, 
the  resultant  of  AB  and  AC,  is  the  total  resultant  effect,  which  is  really  the 
same  as  if  the  current  were  rotated  at  the  point  A  by  an  amount  proportional 
to  the  magnetic  force.  From  this  he  thinks  he  sees  an  explanation  of  the 
rotation  of  the  plane  of  polarisation  of  light  in  the  magnetic  field ;  and,  if  this 
is  true,  it  constitutes  a  much  needed  and  a  very  important  link  in  Maxwell's 
electro-magnetic  theory  of  light.  The  explanation  is  not  yet  complete,  for  two 
reasons:  1st.  The  quantitative  law  of  Mr.  Hall  leads  to  the  rotation  of  the 
polarisation  plane  being  inversely  proportional  to  the  wave  length,  whereas  it 
is  really  as  the  square  or  cube;  2nd.  Hall's  experiment  has  not  yet  been 
extended  to  displacement  currents  in  dielectrics.  He  will  have  to  show  that 
the  lines  of  electrostatic  action  are  rotated  round  the  lines  of  force  as  well  as 
the  electric  currents. 


E.  K.  HALIi— ON  THE  NEW  ACTION  OF  MAGNETISM  ON 
A  PERMANENT  ELECTRIC  CURRENT. 

{8illiman*t  American  Journal,  Vol.  XX.,  1880,  pp.  161-186.) 
In  his  former  paper*  the  author  had  confined  his  attention  to  experiments 
with  gold  leaf.  This  paper  is  mainly  devoted  to  experiments  with  other 
conducting  substances.  He  first  mentions  experiments,  which  suggested  them- 
selves, to  detect  whether  the  cross  electro-motive  force  set  up  by  the  magnetic 
field  increases  the  resistance  of  his  conductor,  but  which  have  not  yet  been 
tried,  or  else  have  led  to  inconclusive  results.  Professor  Rowland  suggested  an 
experiment  to  discover  whether  the  magnetic  field  affected  the  static  induction 
in  glass.  A  4  cm.  square  block  of  glass  had  a  depression  made  in  each  of  four  of 
its  faces,  all  in  one  plane.  Into  these  depressions  plugs  of  brass,  A,  B,  0,  D,  were 
cemented.  A  and  0  were  maintained  at  a  very  considerable  difference  of 
potential ;  B  and  D  were  connected  with  a  quadrant  electrometer.  No  change 
in  the  defiection  of  the  needle  of  the  electrometer  was  observed  on  reversing 
the  nature  of  the  magnetic  field  in  which  the  glass  was  placed,  and  hence,  if 
there  is  any  action  of  this  kind,  a  change  of  potential  of  B  and  D,  it  must  be 
len  than  one  forty- thousandth  of  the  difference  of  potential  of  A  and  0. 

The  author  now  goes  on  with  an  account  of  the  development  of  his  former 
investigation.  If  E  is  the  difference  of  potential  per  centimetre  in  the  longi- 
tudinal direction  in  his  strip,  and  £i  in  the  transverse  direction,  M  being  the 
strength  of  the  magnetic  field,  he  thought,  from  his  former  experiments,  that 
E  M  -i-  El  would  be  constant,  not  only  for  different  strips  of  the  same  metal,  but 
for  all  conductors.  This  is  not  the  case,  and  he  prefers  to  use  the  term 
MY  -f-  £1  where  Y  is  the  primary  current  divided  by  the  area  of  cross-section 
of  the  strip.    But  he  is  dissatisfied  with  the  employment  of  this  function  in 

•  Bee  ia)etract,  Joitm.  8oe.  Ttl.  Sng.t  Vol.  IZ.,  1890,  p.  66. 
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oompariDg  different  metals.  Y  is  of  coone  the  quantity  of  electricity  passing 
through  unit  area  of  the  cross-section  per  second.  He  finds  perfect  uniformity 
as  to  the  direction  of  the  derived  current  in  different  strips  of  the  same  metal, 
a  &ct  of  fundamental  importance.  In  accordance  with  Bowland's  prediction, 
the  direction  in  an  iron  strip  is  opposite  to  what  it  is  in  gold  and  silver. 
Nickel,  which  ought  to  act  like  iron,  hehaves  like  gold.  The  author  descrihea 
fully  his  eicperiments  with  each  metal,  his  difficulties  in  making  measurements 

of  thickness  of  the  metal,  etc.,  hut  his  results  may  he  briefly  given.    In  seven- 

M  V 
teen  experiments  with  four  gold  specimens,  he  gets  values  of  -^j-  ranging 

from  l&i  X  10^^  to  128  X  10^^    He  made  fewer  experiments  with  the  other 

metals,  but  the  average  proportional  values  for  — «-  are  as  follows  :— 

Iron  •••        •••        •••        ...        •«•        ...        ...        •••  — ~  7o 

Silver  8-6 

Gold 6-8 

Platinum     2-4 

Tin 0-2  (?) 

There  seems  to  be  no  connection  in  proportional  magnitude  between  the 
effect  discovered  by  Mr.  Hall  and  any  other  physical  phenomenon.  The  fact 
that  nickel  and  platinum,  magnetic  bodies  like  iron,  behave  in  an  opposite 
way,  is  a  remarkable  anomaly,  of  importance  in  connection  with  the  rotation 
of  the  plane  of  polarisation  of  light  on  Maxwell's  theory ;  and  it  was  suggested 
that  there  might  be  a  similar  difference  from  iron  in  the  behaviour  of  nickel  in 
its  reflection  of  polarised  light,  but  this  he  found  not  to  be  the  case.  He 
f^ggests  a  mechanical  illustration  of  his  notion  of  the  action.  He  also  gives  at 
the  end  of  his  paper  the  previous  history  of  the  subject — a  history  quite 
unknown  to  him  when  he  began  his  experiments.  Feilitzsch  got  no  result  when 
be  tried  if  a  third  coil  with  a  current  flowing  in  it  produced  any  permanent 
effect  on  the  current  in  one  of  two  other  coils  which  already  had  currents 
flowing  in  them  balanced  in  a  differential  galvanometer.  Mach  tried  whether 
the  current-stream  lines  in  a  disc  of  silver  leaf  were  altered  in  shape  or  position 
by  a  magnetic  field.  In  1874,  Gore  tried  to  increase  the  current  through  one 
limb  of  a  partly  bifurcated  wire  by  means  of  a  magnet,  and  failed  to  get  any 
result.  Wiedemann,  in  his  GoZvomtmiif,  describes  the  very  apparatus  which 
Mr.  Hall  uses,  as  a  means  of  showing  that  no  such  action  occurs.  The  same 
plan  was  devised  by  Rowland  in  1876. 


J.  HOFKIWSON— NOTE  ON  MR.  E.  H.  HALL'S  EXPERIMENTS. 

{Philotophical  Magazine,  Vol,  X.,  1880,  pp,  480,431.) 
The  author  calls  attention  to  the  fact  that  Prof.  Clerk  Maxwell,  in  his 
treatise  on  electricity  (Vol.  L,  p.  849),  has  introduced  the  term  T,  which  he 
calls  the  rotatory  coefficient  of  a  substance,  in  his  equations  expressing  the 
currents  which  fiow  in  any  conductor  under  the  action  of  an  electro- 
tnotive  force.    Maxwell  had  reason  to  believe  that  it  did  not  exist  in  any 
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known  substance,  bat  we  now  see  that  it  does  exist ;  and  the  results  of  Hall's 
experiments  are  perfectly  expressed  by  saying  that  there  is  a  direct  action  of  a 
mag^tic  field  upon  the  conductor  itself  changing  its  coefficients  of  resistance, 
instead  of  saying  that  the  efPect  is  produced  on  a  steady  current  itself,  as 
distinguished  from  the  conductor. 


-E JIJ*.  OP  VABIOUS  CELLS  WITH  ZINC  AS 
NEGATIVE  PLATE. 

(AnnaXen  der  Phy»ilc  und  Chemie,  B.  XIL,  H,  3,  No.  8, 1881,  pp.  899-426.) 

1.  The  author  was  led  to  undertake  an  extended  course  of  experiments  on 
the  E.M.F.  of  cells  consisting  of  zinc,  H2  SO4  and  some  other  metal,  from 
a  consideration  of  Exner*s  conclusions  from  his  experiments. 

8.  The  E.M.F.  of  the  various  combinations  were  compared  with  that  of  a 
stcmdard  Daniell  cell,  containing  5  per  cent,  solution  of  Zn  BO4  and  11-5  per 
cent,  solution  of  Cu  SO4,  the  measurements  being  taken  on  a  KirchhofTs 
quadrant  electrometer  with  telescope  and  scale.  The  standard  cell  was  made 
up  by  placing  a  copper  and  a  zinc  cylinder  in  two  glass  tubes,  drawn  out 
below  to  a  point,  the  one  filled  with  Cu  8O4,  the  other  with  Zn  SO4.  These 
tubes  are  passed  air-tight  through  the  cover  of  a  beaker  glass,  and  dipped  into 
a  solution  of  Zn  SO4.  Copper  leading  wires  were  soldered  on  to  the  two 
cylinders.  Connection  with  the  electrometer  was  made  by  a  mercury  com- 
mutator. The  metals  Pt,  Au,  Ag,  Cu,  and  gas  coke  were  severally  used  in 
combination  with  Zn  and  H2  SO4. 

8.  The  experimental  cell  was  used  in  two  forms :  either  each  metal  was  in 
a  separate  vessel,  the  two  being  connected  by  a  syphon,  or  both  metals  were 
in  the  same  glass.  Gold,  silver,  and  copper  were  used  only  in  the  form  pf  wires, 
platinum  as  wire  and  in  thin  sheets,  carbon  in  small  rods.  The  zinc  was 
always  amalgamated,  and  in  form  of  a  cylinder.  With  the  first  form  of  cell, 
the  following  values  were  obtained  as  mean  of  all  the  observations,  the  E.M.F. 
of  a  Daniell  being  taken  as  unit: — Zn-Pt,  1'607;  Zn-Au,  1*486;  Zn-C, 
1-874 ;  Zn-Ag,  1-314 ;  Zn-Cu,  0-977.  This  value  for  the  combination  Zn-Pt 
can  only  be  obtained  by  most  carefhlly  cleaning  the  platinum,  and  freeing  it 
fhmi  all  hydrogen,  which  may  be  most  effectually  done  by  heating  it  to 
redness  in  the  flame  of  a  spirit-lamp.  The  author  considers  that  the  low  value 
(1*16)  obtained  by  Exner  for  a  Smee's  element  was  due  to  unclean  platinum : 
Beetz  found  1*62.  Similarly,  Beetz's  value  for  Ou  (0-96)  agrees  witii  the  above, 
while  Exner  found  0-827.  The  values  for  Ag  and  carbon  also  agree  closely  with 
those  found  by  Beetz.  These  experiments  show  that  while  each  metal  has  a 
constant  EJ(.F.,  which  is  independent  of  the  quantity  of  oxygen  dissolved  in 
the  liquid,  the  E.MJF.  of  the  various  metals  varies  flrom  0*977  to  to  1-607. 

4.  In  the  second  arrangement,  where  both  metals  were  in  the  same  vessel, 
the  same  values  were  found  for  carbon,  Ag  and  Cu,  but  lower  ones  for  An  and 
Pi.  This  is  due  to  the  presence  of  hydrogen  set  free  by  the  gradual  solution  of 
the  zinc.    The  hydrogen  has  the  greatest  effect  on  platinum,  as  has  long  been 
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known,  less  on  gold,  and  apparently  none  on  carbon,  silver,  and  copper:  B; 
direct  experiment  it  was  found  that,  if  hydrogen  were  electrolytically  set  fro 
in  a  Zn-Pt  cell  by  means  of  a  second  pair  of  electrodes,  the  E.M.F.  sank  t 
0708  D.  This  Tninirnnm  yalae  depends  on  the  area  of  the  plate  used :  th 
smaller  the  area  the  more  surely  is  the  minimum  reached.  It  follows  that»  i 
it  is  found  that  a  cell,  Zn-Pt,  has  an  E.M.F.  of  0*708  D,  the  platinum  ha 
taken  up  the  maximum  quantity  of  hydrogen. 

6.  Further  experiments  were  made  by  short-circuitiDg  the  cell,  an< 
measuring  the  E.M.F.  after  the  current  was  broken.  In  every  case  the  zm 
had  stood  for  12  hours  in  the  dilute  acid.  The  following  table  gives  th 
values  obtained :— 


Before 
Bhort.oiroiiitizig. 

10" 

JO" 

80" 

40" 

CO" 

80" 

100" 

After  Interraptlng  Oxzrrent. 

Pt  wire    ... 

Sc.85-5 
(0-71   D) 

33-2 

... 

336 

339 

... 

Ptwire    ... 

Sc.  850 
(0-70  D) 

••• 

83-8 

... 

34-0 

•.. 

... 

... 

Ptwire    ... 

Sc.84-5 
(0-69  D) 

... 

330 

33-2 

33-3 

... 

33-4 

... 

An  wire   ... 

8c.  68  8 
(1 376  D) 

••• 

24-8 

25-6 

26-2 

280 

29-5 

30-5 

Agwire   ... 

Sc.  68-4 
(1168  D) 

••• 

387 

420 

43-8 

46-4 

•■• 

... 

Cuwire    ... 

Sc.  490      ' 
(0-98  D) 

190 

33-6 

... 

43-5 

... 

... 

••• 

Carbon     ... 

Sc.  114-0 
(1-380  D) 

295 

84-0 

87-0 

46-5 

••• 

••• 

It  is  to  be  remarked  that  in  the  case  of  platinum  the  first  throw  of  th< 
needle  was  more  (86-87  Sc.),  and  that  after  a  few  swings  it  settled  at  a  constant 
value ;  with  Au,  Ag,  and  carbon,  the  needle  came  back  very  little,  and  then 
was  further  and  further  deflected ;  while  with  Cu  there  was  a  continual  increasf 
from  the  beginning.  It  appears  from  this  that  in  the  case  of  platinum  eithei 
the  polarisation  is  smaU,  or  it  disappears  very  quickly  •  while  with  carbon.  An 
Ag,  and  Ou,  the  E.M.F.  in  the  closed  cell  is  small  in  comparison  with  thai 
obtainable  some  little  time  after  interrupting  the  current. 

6.  The  author,  not  being  satisfied  with  this  method,  sought  for  some  meant 
of  measuring  the  E  Ji.F.  whilst  the  cell  was  short-circuited.  In  a  wide  glasi 
vessel^  A,  was  a  zinc  cylinder,  and  outside  of  this  the  metal  to  be  experimented 
on.  A  glass  syphon  drawn  out  to  a  point  connected  a  second  vessel,  B,  with  A 
in  the  straight  line  joining  the  zinc  and  the  metal,  and  on  the  side  nearest  tc 
the  latter;  in  B  was  also  a  zinc  cylinder;  the  vessels  and  syphon  were  filled 
with  dilute  Hs  SO4.  The  two  metals  in  A,  e.g,,  Zn  and  Pt,  can  be  connected  in 
the  circuit  through  a  rheostat.    The  Pt  is  in  connection  with  the  earth  and  one 
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pair  of  quadrants  of  the  electrometer,  the  Zn  in  B  with  the  other  pair.  By  this 
arrangement  the  difference  of  potential  between  the  Pt  or  other  metal  in  A  and 
the  Zn  in  B  could  be  measured  while  a  current  circulated  in  A.  To  prove  the 
correctness  of  this  arrangement,  the  Zn  in  A  was  put  to  earth,  while  a  copper 
wire  was  in  B ;  the  difference  of  potential  between  the  Zn  and  Cu  measured 
0^8  D.  If  now  the  Zn  and  Pt  in  A  were  connected  up,  the  deflection  on  the 
electrometer  should  remain  the  same  in  spite  of  the  current  in  A  if  the  arrange- 
ment were  right  and  the  Zn  remained  unpolarised.  It  was  found,  however,  that 
on  closing  the  circuit  the  deflection  decreased :  this  was  due  only  to  the  polari- 
sation of  the  zinc,  and  not  to  any  faultiness  in  the  method.  The  following  was 
the  course  of  experiment : — ^Both  vessels  were  filled  fresh,  and  the  two  ziuc 
cylinders  and  the  other  metal  put  in.  The  E.M.F.  between  the  latter  and  the 
zinc  in  B  was  then  measured,  first,  when  no  current  passed  in  A ;  the  two  plates 
iu  A  were  then  joined  successively  through  resistances  from  0  to  9,000  8.U.,  and 
the  deflection  read  for  each  resistance ;  finally,  the  current  was  interrupted  and 
farther  readings  taken.  The  results  are  tabulated  below.  The  second  series 
were  taken  on  another  day,  when  the  sensitiveness  of  the  electrometer  was  dif- 
ferent. Pti  and  Pts  were  naked  wires ;  Pts,  Pt4,  and  Pt^,  wires  fused  into  glass 
tubes ;  Pte  was  a  platinum  plate. 


Znand 

Area 
Immersed 

R  =  «. 

R  =  0. 

B=600. 

a  =2.000. 
0-673 

a  =  4,000. 

20"           40" 
after  interrupting. 

Pti 

^.  ram. 
90 

1-615 

0-175 

... 

0854 

0868 

vu 

110 

1-434 

0-183 

... 

0664 

0-844 

0-858 

Au 

110 

1-423 

0061. 

... 

0-273 

0-395 

0-807 

0-971 

Cui 

100 

0990 

0-071 

... 

0-344 

0-402 

0.967 

0-981 

C 

1-862 

0169 

0-586 

... 

... 

0-638 

0-660 

Pt3 

9 

1-526 

0100 

0-584 

0-654 

.0-775 

0-789 

Pt4 

37 

1-475 

0153 

0-650 

0-698 

0-822 

0-840 

Pt5 

1 

1-397 

0-025 

••• 

0-253 

0-894 

0-801 

0-851 

Pte 

4,600 

1-483 

0-895 

... 

0-772 

0-817 

0830 

0-838 

Cuj 

40 

0-982 

0035 

... 

0-268 

0-378 

0-951 

0-961 

Ag 

110 

1-218 

0163 

... 

0-514 

0-682 

0-989 

1-047 

7.  The  E.M.F.,  before  making  circuit  for  Au,  Ag,  Cu,  and  carbon,  agree 
well  with  the  means  given  in  section  3.  The  differences  in  the  case  of  the 
platinum  were  due  to  the  polarisation  with  hydrogen.  For  any  resistance 
the  £.M.F.of  the  Zn-Pt  element  is  less,  the  smaller  the  surface  of  the  platinum. 
If  the  current  is  broken,  E.M.F.  are  momentarily  obtained  which  are  almost 
equal  for  large  and  small  surfaces.  The  double  alternative  mentioned  in  section 
5  is  therefore  settled,  that  the  E.MJP.  of  a  Zn-Pt  element  is  smaller  when  the 
circuit  is  closed  than  when  open,  but  on  breaking  circuit  it  increases  rapidly. 
The  difference  between  1-507,  the  mean  value  for  a  Zn-Pt  element  when  the 
VOL.  X,  21 


S02 


ABSTBACT8. 


cirtmit  is  open,  and  the  values  when  it  is  closed  through  a  resistance  »  0  gives 
for  Ptc  1-112,  for  Ptg  1-407,  for  Pig  1-482,  which  are  the  E.M.P.  due  to  the 
bydrogen  polarisation,  but  are  not  the  maximum  values  of  the  same.  The 
author  concludes  that  the  maximum  value  is  higher  than  has  hitherto  been 
iis^omed,  and  it  is  necessary  to  measure  the  polarisation  whilst  the  current 
Btill  passes,  owing  to  the  rapidity  with  which  it  disappears,  as  shown  in  the 
following  table : — 


E  =  0. 

20"  after 
interrapting. 

40"  after 
interrupthig. 

Cu 

0-98 

0-02 

001 

Ag 

1-08 

0-28 

0-17 

Carbon       

M9 

0-72 

0-70 

Pt 

1-88 

0-69 

0-67 

Au 

1-36 

0-61 

0-45 

From  a  consideration  of  the  curves  plotted  from  the  values  he  has  found. 
Urn  author  is  of  opinion  that  the  E.M.F.  increases  in  greater  ratio  to  increasing 
resistances,  the  greater  the  surface  of  the  metal ;  and  that  for  the  same  external 
1  esiistance  the  £.M.F.  approach  more  and  more  the  same  value  with  increasing 
rejjlstance;  or,  in  other  words,  the  E.M.F.  decreases  with  the  smallness  of  the 
surface,  therefore  the  polarisation  increases. 

8.  In  section  3,  the  author  has  defended  the  view  that  if  Pt  is  brought  into 
Hf  3O4  containing  hydrogen,  the  hydrogen  is  condensed  on  the  platinum,  and 
tlie  potential  between  the  Zn  and  Pt  decreases.  The  following  experiment  does 
not  seem  at  first  sight  to  be  in  accord  with  this  view : — Two  vessels,  A  and  B, 
were  connected  by  a  syphon ;  both  contained  Hj  SO4.  A  was  saturated  with 
hydrogen  and  held  a  cylinder  of  zinc,  B  was  free  from  hydrogen  and  had  in  it 
It  platinum  wire.  In  this  arrangement  the  potential  measured  1-507  D.  The 
platinum  was  then  brought  into  A  with  the  zinc,  and  the  potential  measured  only 
0-70  D,  but  on  restoring  the  Pt  to  B,  a  value  rather  above  1*5  was  again  obtained. 
Supposing  that  the  E,M.P.  remains  constant,  this  may  be  explained.  The 
platinum  condenses  the  hydrogen  in  the  vessel  A,  but  only  to  a  small  extent. 
Moreover,  the  condensation  is  only  a  surface  one,  and  does  not  extend  into  the 
substance  of  the  metal.  On  removal  to  B,  oxygen  is  condensed,  and,  combining 
>vith  the  hydrogen,  does  away  with  the  polarising  action  of  the  latter. 

9.  The  differences  obtained  in  the  experiments  described  in  section  3  are 
loo  great  to  be  accounted  for  by  errors  of  observation,  but  may  be  due  to  the 
different  degrees  of  concentration  of  tlie  sulphuric  acid.  The  author  has  insti- 
tuted a  series  of  researches  into  the  question  of  the  influence  of  concentration  of 
the  acid  on  the  E.M.F.  A  cylinder  of  zinc  stood  in  one  vessel  of  dilute  Ht  80  4, 
connected  by  a  lyphon  with  another,  which  could  be  replaced  at  pleasure 
^^ilhout  disturbing  the  apparatus,  and  which  contained  the  solution  to  be 
*!xperimented  on.  A  drop  of  concentrated  H2  SO4  was  taken  up  on  a  glass  rod 
iind  then  the  rod  stirred  in  a  vessel  containing  ^  litre  of  water. 
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With  this  extrem^y  dilute  solution  the  E.1£.F.  changed  as  shown  h— 

'   For  Zn.Pt  from  1-847  to  1-608 

„    Zn-Au    „     1-800  „  1-452 

„    Zn-Ag    „     1-334  „   1-262 

„  Zu-Cu  „  1-095  „  1016 
With  a  trace  of  acid  the  E.M.F.  of  Pt  and  Au  reaches  a  mftTimnyw  value,  at 
which  it  remains  on  further  addition  of  Hj  S04 ;  it  then  £eJ1s  to  a  minimum 
value;  increases  rapidly  again  with  further  concentration;  and  Anally  foils 
off  again  a  little.  For  Cu  and  Ag  the  case  is  diflferent :  with  Ag  the  E.M.F. 
continually  decreases  as  the  concentration  increases;  with  Cu  the  minim^Tn 
value  is  reached  with  a  degree  of  concentration  of  60-70  per  cent.,  and  rises 
slightly  again  afterwards. 

10.  The  author  recurs  to  Exner's  experiments.  The  latter  has  stated  that 
any  combination  gives  an  E.M.F.  of  0-782  D  if  the  Hj  8O4  is  free  from  air. 
Exner,  however,  not  only  got  rid  of  all  air  from  his  cells,  but  he  charged  them 
with  hydrogen,  which  falsified  the  results.  The  author  points  out  that  Exner's 
results  do  not  agree  with  his  own  and  those  of  Beetz.  He  is  of  opinion  that 
the  differences  observed  in  the  case  of  Pt  are  due  to  the  differing  densities  of 
the  hydrogen  condensed  on  the  metal. 


W.  BBBTZ— ON  THE  CONCEPTION  "GALVANIC  POLABISATION." 

(Anmden  der  Phytik  wid  Chamie^  B.  XZ7.,  H.  8,  No.  8, 1881,  pp.  474-477.) 

The  following  remark  occurs  in  the  treatise  by  Ayrton  and  Perry  ^^on 
Exner's  works  in  contact  electricity"  {Fhil.  Mag.,  4,  11,  p,68,  1881):— "The 
word  polarisation  is  used  in  England  in  the  most  indefinite  way  to  express  an 
alteration  of  the  current,  whether  this  arises  from  an  alteration  of  E,M.F.  or 
of  the  resistance,  but  in  (Germany  many  physicists  unite  a  distinct  conception 
with  it.**  However  strange  this  remark  may  sound,  there  is  real  ground  for  it. 
For  instance,  the  definition  of  polarisation  in  Fleeming  Jenkin*s  *<  Electricity  and 
Magnetism  **  is  given  in  the  following  terms : — «  The  expression  polarisation  is 
sometimes  very  vaguely  employed,  but  apparently  here  it  means  that  the  plates 
become  coated  with  the  products  of  the  decomposition  of  the  electrolyte,  and 
that  this  coating  produces  a  diminution  of  current.  This  diminution  does  not, 
however,  appea/r  to  be  due  to  anything  analogous  to  resistance.  The  effect  in  ques- 
tion is  due  to  something  in  the  nature  of  a  reciprocating  force  by  which  energy  is 
stored  up,  i.e,,  when  the  original  current  ceases^  a  current  in  the  opposite 
direction  is  set  up  at  these  surfaces  of  passage  from  liquid  to  solid  by  a  kind  of 
rebound.  It  oppMrt,  therefore,  that  the  current  has  been  diminished  by  the 
creation  of  an  opposing  EJif.F.  due  to  the  arrangement  of  the  elements  into 
which  the  electrolyte  has  been  decomposed.  The  term  resistance  is,  however, 
eonUnwUVy  applied  to  this  cause  of  the  diminution  of  a  current,  even  by  those 
who  are  convinced  that  the  diminutioii  is  not  due  to  a  true  resistance.'*  This 
uncertain  mode  of  definition,  with  its  **  appears  "  and  its  incorrect  conclusion,  is 
the  more  strange,  since  .Jenkin  immediately  goes  on  to  give  the  well-known 
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experiment  that  the  existence  of  a  secondary  after  breaking  the  primary  curren 
undoubtedly  points  to  electro-motive  force.  Moreover,  that  this  uncertainty  i 
not  general  even  in  England,  is  shown  hy  the  law  with  which  Clerk  Maxwej 
introduces  his  chapter  on  polarisation : — **  If  an  electric  current  has  passe 
through  a  liquid  between  metal  electrodes,  the  accumulation  of  the  ions  cause 
the  phenomenon  called  polarisation,  which  consists  in  an  E.M.F.  which  acts  i 
the  opposite  direction  to  the  current,  and  produces  an  apparent  increase  of  th 
resistance."  Jenkin  means  the  same  thing,  but  Maxwell  has  expressed  himse 
so  clearly  as  to  leave  no  room  for  doubt.  In  fact,  this  view  of  polarisation  : 
Qot  dependent  on  any  theory ;  and  it  is  only  the  causes  of  it  which  admit  c 
discussion  by  the  partisans  of  the  chemical  or  contact  theories.  It  is  much  t 
be  wished  that  in  England,  as  elsewhere,  the  term  "  polarisation "  should  d 
longer  be  used  **  in  the  vaguest  way  "  for  every  sort  of  diminution  of  currem 
but  only  for  the  secondary  E.M.P.  at  the  electrodes. 

That  new  resistances  are  formed  during  electrolysis  is  a  distinct  fact,  whic 
should  not  be  confounded  with  the  production  of  a  secondary  E.M.F.  Ayrto 
and  Perry,  also,  do  not  hesitate  to  regard  polarisation  as  an  alteration  of  tb 
electro-motive  condition  of  the  electrodes.  After  referring  to  the  author's  ei 
periments  as  described  in  the  Arvnalen  (10,  p.  368, 1880),  they  go  on  to  say :  <<  Th 
nature  of  the  negative  metal  must  always  have  a  great  influence  on  the  origins 
E.M.F. ;  yet  we  are  surprised  that  Prof.  Beetz  has  found  so  great  differences  i: 
the  columns  headed  '  closed.'  Our  impression  has  always  been  that  if  the  negs 
tive  metal  is  sufficiently  covered  with  hydrogen,  the  contact  between  the  thi 
conducting  layer  of  gas  and  the  metal  was  equivalent  to  that  of  a  pair  of  metal 
and  if  this  is  the  case,  then  H  |  Pt  +  Pt  |  Zn  is  the  same  as  H  |  Cu  +  Cu  |  Zn 
and  almost  every  negative  metal  would  eventually  act  like  a  conducting  plat 
of  hydrogen."  The  author  agiees  with  this  view  •  but  even  this  sufficien 
covering  with  hydrogen  does  not  result  in  such  a  manner  as  though  one  had  t 
do  with  a  simple  plate  of  hydrogen.  Buff  has  said :  <*  Through  the  layer  g 
hydrogen  on  the  negative  platinum  plate,  as  well  as  through  the  layer  of  oxygei 
on  the  positive  plate,  the  same  result  is  reached,  as  though  not  two  strips  g 
platinum,  but  a  strip  of  fixed  hydrogen  and  a  strip  of  fixed  oxygen  had  bee: 

dipped  in  the  acid This  limit  will  always  be  approached  mor 

closely,  the  more  thoroughly  the  immersed  plates  ara  able  to  condense  th 
gases,  and  the  more  thoroughly  the  immediate  contact  of  the  metallic  and  liquid 
conductors  is  avoided.  If  the  inmiersed  plates  could  be  entirely  insulated  f  ron 
the  liauid,  the  chemical  nature  of  the  metals  would  be  indifferent."  While  th 
author,  in  his  work  on  the  E.M.F.  of  gases,  followed  this  view,  he  adds :  *^  Bui 
because  even  with  the  maximum  of  polarisation  the  metals  are  not  equivalent 
a  complete  covering  of  the  plates  with  the  gases  must  not  be  assumed,  and  th( 
values  of  the  polarisation  must  not  be  considered  as  the  true  E.M.F.  of  the  gase 
concerned." 
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SBASinrS    KITTLBB— DIFFERENCES   OF   POTENTIAL  BETWEEN 
FLUIDS  IN  CONTACT. 

(Awkrfen  der  Physik  und  Chemie,  B,  XU.,  H,  4,  No.  4, 1881,  pp.  572-590.) 
Tbe  experiments  which  have  been  made  by  Fechner,  Wild,  Du  Bois- 
Beymondy  and  others,  have  usually  been  carried  out  in  the  following  way :— Of 
four  vessels,  A,  B,  C,  D,  which  can  be  connected  by  syphons,  the  two  outer 
ones,  A  and  D,  are  filled  with  the  same  liquid  F,  while  B  and  C  are  filled  with 
difierent  liquids,  Fi,  Ft.  In  A  and  D  dip  plates  of  similar  metal  in  circuit 
through  a  galvanometer.  If  there  is  a  current,  it  follows  that  the  liquids 
F,  Fi,  Fs  act  electrically  on  one  another,  and  at  the  same  time  that  they 
are  not  arranged  in  an  electro>motive  series  ;  but  if  the  electricity  remains  in 
equilibrium,  either  there  is  no  difference  of  potential,  or  they  follow  Volta's 
law  of  tension. 

The  investigation  may  be  made  in  another  way.  Suppose  three  liquids, 
F],Ft,  Fs,  which,  in  combination  two  at  a  time  with  a  metal  M,  give  the  E.MJ*., 

o,  6,  c,  viz.— 

M  I  Fi  +  F,   I  F,  +  F,  I  M  -  a 

M  I  Fa  +  F,  I  Pa  +  Fa  I  M  =  5 

M  I   Fi  +  Fi  I  F,  +  Fa  I  M  =  c 

If  now  the  experiment  shows  that  a  —  h  »  e,  then  Fi,  Fs,  Fj  form  an  electro- 
motive series.    In  this  case 

a  —  6  «  M  I  Fi  +  Fi  I  Fa  +  Fs  I  F,  +  F2  1  M 
-  c  -  M  I  F,  +  Fi  I  F2  +  Fa  I  M 
therefore  Fi  j  Fa  +  Fa  |  F,  -  Fi  |  F, 

But  if  a  —  h  does  not  »  e,  the  three  liquids  do  not  form  an  electro-motive 
series. 

The  author  carried  out  this  method  of  investigation  with  solutions  of 
various  chlorides,  which  were  brought  into  contact  among  themselves,  or  with 
distilled  water,  copper  sulphate,  or  dilute  acid.  The  E.M.F.  were  measured  by 
comparison  with  a  Daniell's  cell  by  means  of  a  quadrant  electrometer  by 
Edelmann.  The  needle  was  charged  by  a  small  Zamboni*s  pile,  which  remained 
constant  for  months.    The  Daniell's  cell,  of  the  following  construction : — 

Amalg.  Zn  |  Hj  SO4  +  Hj  SO4  I  Cu  SO4  +  Cu  8O4  I  Cu 

I  A    -  1-074  I   cone.  | 

gave  as  a  mean  a  deflection  of  90  to  91  mm.  on  the  scale  used  for  reading  the 
deflections  with  a  telescope.  Every  care  was  used  to  obtain  the  chemicals  as 
pure  as  possible,  and  in  the  making  of  the  solutions,  the  densities  of  which 
were  exactly  determined,  and  the  percentage.  For  experiments  in  the  same 
series,  distilled  water  from  the  same  bottle  was  alwa3rs  used,  as  it  was  found 
that,  when  different  samples  were  employed,  incorrect  results  were  obtained. 
The  chief  diflSculty  was  in  electrodes.  In  the  first  experiments,  rods  of  carbon 
were  used ;  afterwards  plates  of  silver  and  copper  wires;  occasionally  zinc  rods, 
which  were  always  freshly  amalgamated.  The  liquids  were  contained  in 
glasses  6  cm.  high  and  4*5  cm.  wide,  which  could  be  put  in  communication  by 
syphons  closed  with  parchment  paper.  In  each  experiment  the  whole  apparatus 
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was  renewed.  Before  and  after  each  series  of  observationa,  the  deflection  w 
a  Daniell's  cell  was  determined,  the  copper  pole  heing  put  to  earth,  and  1 
zinc  connected  to  the  electrometer. 

The  nmneruufl  experiments  made  hy  the  author  lead  to  the  follow] 
laws:^ 

1.  The  solutions  in  water  of  the  chlorides  NH4  CI,  K  CI,  Na  CI,  Ni  Cla,foll 
Tery  nearly  Yolta's  electro-motive  series,  whether  dilate  solutions  of  diffen 
metals  are  in  contact^  or  solutions  of  different  strength  of  the  same  chloride. 

2.  The  same  holds  good  when  the  chlorides  are  in  contact  with  distil 
water  or  solution  of  copper  sulphate. 

S.  To  the  difference  of  potential  expressed  by 

M|Li  +Li|Ls  +  L2|M»+0 
corresponds  a  current  in  the  direction  from  Li  to  Ls.  (a)  If  Li  and  Lg  are  so 
tions  of  the  same  chloride,  but  Ls  of  less  specific  gravity,  the  current  goes  fr 
the  heavier  to  the  lighter  solution,  (b)  If  I4  is  replaced  by  distilled  watei 
Ou  SO4,  the  current  is  firom  the  chloride  to  the  water  or  Cu  SO4.  (e)  1 
direction  of  the  current  is  the  same,  whether  the  electrodes  are  of  silver,  cop] 
>ir  zinc. 

4.  The  above  chlorides  in  contact  with  acids  do  not  follow  Yolta's  elect 
motive  series. 

5.  In  the  combination 

^}   L  +  L|  H,S04+  H,SO,    {^.e 

the  current  goes  from  the  chloride  to  the  acid ;  and  0  is  a  maximum  whei 
in  concentrated.  But  with  the  zinc  electrodes,  the  current  is  from  acid 
chloride,  and  while  a  is  small  for  a  concentrated  solution,  it  increases 
dilution. 

6.  The  combination 

^}    L  +  L  I  HCl  +  HCl    {^8-  - 

gives  a  current  from  chloride  to  acid  when  the  chloride  is  concentrated^  anc 
the  opposite  direction  with  a  dilute  solution. 

7.  The  law  of  electro-motive  series  holds  for  various  solutions  of  a 
sulphate  in  contact  with  water. 

8.  In  the  combination 

Zn  I  Lt  +  Ls  I  lii  +  Li  I  Zn  «  +  e 
the  current  is  from  the  dilute  to  the  concentrated  solution ;  in  the  combinal 

Zn|L  +  L|  W  +  W|Zn 
from  tlie  zinc  sulphate  to  the  water. 

9.  ai  +  bi  "  £1,  observed  90*2,  calculated  90-0. 
al  +  b;  «  Ea         „        867  „         87-2. 

10.  £1  ^Efl  (3-5)  »  Zn  I  Ls  +  L,  I  Li  +  Li  I  (3-9).  From  this  follows  1 
the  law  of  electro-motive  series  holds  for  solutions  of  zinc  and  copper  sulpha 

11.  The  potential  of  the  combination 

Zn  I  Zn  SO4  +  Zn  SO4  |  Cu  SO4  +  CUSO4  |  Cu 
increases  on  diluting  the  zinc  sulphate. 
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S.  GULI78ZU8— ON  SOME  BEMABKS  OF  0.  NEUMANN  ON 
ELECTBO-DYNAMIOS. 

{AnnaUn  der  Physik  und  Chemie,  B.  XII.,  fl.  4,  No.  4, 1881,  pp.  689.648.) 

In  the  introduction  to  a  publication  in  the  Mathemaiisehen  AnnaZen,  Neu- 
mann mentions  that  Biemann,  in  order  to  deduce  the  explanation  of  electro- 
dynamic  forces  from  the  already  known  forces  of  electrostatics,  has  made  the 
assumption  "that  the  potential  of  these  forces,  just  like  light,  propagates 
itself  "With  a  certain  constant  velocity  through  space."  The  author  has 
investigated  the  point,  whether  this  explanation  of  the  electro-dynamic  forces 
can  really  be  brought  to  an  issue;  and,  from  calculations  he  has  made,  he 
arriYes  at  other  formulae  which  do  not  represent  the  electro-d3mamic  forces. 
The  result  of  these  calculations  he  sums  up:  «From  this  it  appears  to  me 
undoubtedly  to  follow,  that  the  assumption  of  Neumann  (given  above),  by 
means  of  which  he  obtains  his  formula  for  potential,  cannot  be  considered  as 
correct  on  all  points :  whether  the  same  formula  may  not  be  arrived  at  by 
other  hypothesis  as  to  the  mode  of  propagation  of  the  potential,  cannot  yet  be 
decided.**  Neumann  raises  no  objection  to  the  author's  mathematical  theory, 
but  withdraws  part  of  his  statement,  since  he  says  that  the  comparison  with 
light  was  only  accidental,  and  not  essential.  In  place  of  the  above  mode  of 
motion,  which  is  an  absolute  motion  in  space,  he  puts  a  relative  motion,  which 
he  defines  in  these  terms :  "  The  radius  vector,  which  is  the  path  of  the 
potential,  is  itself  in  motion."  After  this  alteration,  which  is  in  the  direction 
the  author  had  pointed  out  in  his  criticism,  Neumann  has  stated  that  he 
cannot  agree  with  the  latter.  As  therefore  some  doubt  might  arise  in  the  mind 
of  a  reader  of  Neumann's  article,  whether  Clausius  had  not  advanced  incorrect 
statements,  he  feels  himself  called  upon  to  reassert  what  he  formerly  stated. 

In  conclusion,  he  offers  a  few  words  on  the  influence  of  this  explanation  on 
Uie  hypothesis.  If  the  electro-dynamic  forces  could  be  deduced  from  electro- 
static potential,  through  the  hypothesis  that  the  path  of  electricity  through 
space  is  similar  to  that  of  light,  a  supposition  first  brought  forward  by  Gauss  in 
a  letter  to  Weber  in  the  year  1845,  an  advance  of  gi*eat  importance  would  be 
made,  since  a  deeper  insight  would  be  obtained  into  the  nature  of  electricity, 
and  its  connection  with  light  would  be  still  further  confirmed.  But  if  a  mode 
of  motion  has  to  be  assumed  which  differs  from  the  simple  wave  motion  of 
light,  in  order  to  obtain  coincidence  with  the  electro-dynamic  formulae, — such 
assumption  having  no  other  ground  than  that  it  does  show  such  a  coincidence,— 
the  hypothesis  assumes  quite  another  character,  and  the  same  physical  pro- 
bability can  no  longer  be  ascribed  to  it  as  in  the  former  case.  Neumann  has 
alBO  said  that  he,  independently  of  Weber  and  Biemann,  has  assisted  in  intro- 
ducing the  conception  of  electro-dynamic  potential  into  electricity,  and  he 
complains  that  the  author  in  one  of  his  publications  takes  no  notice  of  his 
work.  The  latter  explains  that  he  wished  to  compare  the  formula  he  had  him- 
self obtained  with  those  formerly  obtained ;  and  since  Neumann's  formula  is 
exactly  similar  to  that  of  Weber,  which  certainly  had  the  priority,  while 
Biemann's  is  different,  he  mentioned  these  two  by  name,  while  not  speaking  of 
Neumann. 
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W.  SOLTS— OK  AN  ABTIFIGIALLY  MADE  BODY  WHICH  SHOW£ 
FOLAB  ATTBACnOK  AND  HEPUISION. 

{AnfuUefn  der  PhytOQ  vnd  ChemU^  B,  XII,  B.  3,  Ko,  8, 1881,  pp.  477-480.) 

TIte  author  thought  that  the  so-called  unipolar  conductirity  of  ceriaj 
bodien,  which  has  lately  heen  denied,  might,  after  aU,  have  an  existence,  ar 
be  caused  by  the  fact  that  the  molecules  of  such  bodies,  unequaUy  arrangf 
in  di^rent  directions,  or  unequally  constituted,  experience  a  certain  directio 
by  the  action  of  electricity  at  a  distance  (electrical  far-working),  in  consequenc 
of  which  they  might  oppose  a  greater  resistance  to  the  passage  of  electricity  < 
one  sign,  and  would  give  appearances  of  polar  attraction.  To  test  tli 
experimentally,  the  author  constructed  the  following  apparatus : — ^He  cemeuitf 
a  plane  piece  of  glass  on  to  one  end  of  a  short  glass  rod,  and  on  to  the  plax 
of  glii&»  a  short,  very  narrow  glass  tube  in  a  line  with  the  rod,  in  such  a  wa 
that  the  end  of  the  tube  was  closed  by  the  glass  plate,  and  jiot  by  the  cemen 
In  t!i(}  ^■tmall  tube  he  placed  a  sewiug  needle,  which  projected  slightly  be^'on 
the  tube,  and  had  stuck  on  it  a  thin  cardboard  disc  (22  mm.  in  diameter)  whic 
waa  free  to  revolve.  One-half  of  the  periphery  had  a  strip  of  cardboai-d  glue 
on  to  it}  about  10  mm.  wide,  and  passing  beyond  the  upper  and  lower  surface 
Opposite  to  the  cardboard  strip  on  one  surface  of  the  disc  was  fastened  a  sma 
proJHctiiig  point  of  tinfoil.  Hollow  discs,  100  mm.  in  diameter,  were  placed  a 
far  &iMiTt  as  possible  on  the  discharge  rods  of  a  Holtz  machine,  and  the  apps 
mtUB  brought  between  them,  so  that  the  axis  of  the  small  disc  was  exactly  a 
right  angles.  On  working  the  machine  and  reversing  its  poles,  it  was  foun 
Umt  the  tinfoil  point  always  turned  to  the  positive  pole. 

The  author  then  hung  a  light  glass  tube  about  300  mm.  long  in  a  loop  c 
cardboard  by  two  parallel  cocoon  fibres,  about  40  mm.  apart.  To  one  end  c 
this  tube  the  apparatus  was  cemented,  so  that  the  little  disc  could  not  onl 
rotsLtCp  but  was  capable  of  lateral  motion.  On  bringing  the  apparatus  betwee 
the  two  hollow  discs  on  the  machine,  and  working  the  latter,  the  disc  fin 
placi^d  itself  in  position,  and  was  then  attracted  to  the  negative  pole.  It  did  nc 
matter  whether  the  tinfoil  point  was  directed  forwards  or  backwards.  It  ha 
long  been  known  that  particularly  formed  bodies,  if  directed  in  a  particula 
way,  t«nd  more  towards  one  electrode  than  the  other.  The  so-called  gold  fis! 
depends  on  this  fact.  Still  more  simple  is  a  cork  disc,  one  of  the  surfaces  c 
which  IS  ftimished  with  a  needle.  It  sticks  fast  if  pressed  against  one  of  th 
metal  IJo  plates,  because  it  loses  more  electricity  by  discharge  than  it  receive 
by  conduction.  The  above  body  also  adheres  to  that  electrode  to  which  iti 
aiira<  ted,  and  it  might  not  be  imlikely  that  many  substances  which  have  distinc 
polnrity  might  show  a  similar  behaviour.  It  might  be  possible  to  employ  sue] 
a  body  to  show  the  direction  of  the  current,  at  any  rate  for  the  electricit, 
produced  by  machines. 
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An  Extraordinary  (Jeneral  Meeting  of  the  Society  was  held  on 
Thursday,  September  22nd,  at  8.30  p.m.,  in  the  Electrical 
Exhibition,  Palais  de  Tlndustrie,  Paris — ^Professor  Q.  C. 
FOSTEB,  F.R.S.,  President,  in  the  Chair. 

The  Secbetaby  announced  the  names  of  the  new  candidates 
approved  by  the  Council  for  ballot,  and  that  the  following 
Associates, 

H.  Edbtdnds,  junior, 

E.  W.  Pabsonb, 

had  been  transferred  to  the  class  of  Members. 

M.  le  Pbesident  :  M.  le  Ministre,  avant  de  se  livrer  h  Texamen 
des  mati^res  scientifiques  qui  vont  occuper  la  seance  que  votre 
bienveillance  a  permis  h  la  Societe  des  Ingenieurs  Telegraphistes  et 
Electriciens  de  tenir  ici  ce  soir,  nous  avons  le  devoir  et  le  plaisir 
de  profiter  de  cette  occasion  pour  vous  ofifrir  leurs  felicitations  les 
plus  sinceres  au  sujet  de  la  collection  vraiment  remarquable 
d'instruments  ^ectriques  qui  se  trouvent  r^unis  en  ce  moment  dans 
le  Palais  de  Tlndustrie. 

En    m6me    temps,    lis    desirent    ajouter    h  ces  felicitations 

Texpression  de  leurs  remerciements  les  plus  empress^  pour  le 

bienveillant  accueil  qu'ils  ont  regu  de  vous  aussi  bien  que  de  la 

part  de  M.  le  Commissaire-General  de  I'Exposition,  M.  Berger^  qui 
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n  sipuissatomentcontribue  h,  la  realisation  de  la  bien  heureuse  id< 
d' exposition  Internationale  d'electricite. 

Comme  temoignage  de  Tappreciation  profonde  des  beinfai 
pour  la  science  d'electricite  qui  ne  pourront  pas  manquer  de  uatti 
de  I'ezposition  par  suite  de  la  directions  ^  la  fois  energique  • 
r^avante  qui  a  preside  k  un  si  beau  succes,  le  Conseil  de  la  Socie 
ties  Ing&ieurs  TeldgraphiBtes  et  Electriciens  m'a  autorise  k  voi 
prier,  M.  le  Ministre,  de  bien  vouloir  lui  permettre  d'inscrire  voti 
nom  sur  la  liste  des  membres  honoraires  de  la  Society.  La  pr 
s6Dce  de  ce  nom  comkiide  le  cinquieme  dans  la  lisfe  des  membr< 
bonoraires  sera  pour  nous  un  souvenir  des  plus  agr^ables  de  cetl 
memorable  stance. 

M.  LB  MiNiSTBE:  Je  voudrais  dire  h,  la  Society  qu'elle  n' 
fas  k  nous  remercier ;  c'est  ^  nous,  au  contraire,  k  lui  temoignc 
notre  gratitude  pour  le  grand  bonneuf  qu'elle  a  bien  voulu  noi 
faire  en  acceptant  de  tenir  sa  seance  dans  le  sein  memo  de  nob 
Palais  de  I'lndustrie.  Je  lui  en  temoigne  toute  hotre  reconnai 
sance,  et  je  comprends  parfaitement  qu'elle  s'est  rendue  compi 
du  but  que  nous  nous  sommes  propos^  en  organisant  cetl 
^ande  exposition  et  en  organisant,  en  ouvrant  surtout,  le  Oongr< 
Electrique. 

Vous  avez  parfaitement  cbmpris  que  ce  que  nous  voulions,  c'eta 
(Id  constituer  au  milieu  de  toutes  les  nations  une  grande  famiU 
^cientifique,  qui  s'achamat  uniquement  ^  developper  la  scien( 
et  Si  augmenter  les  produits  de  I'industrie.  Je  vous  en  temoigi 
au  nom  de  la  France  toute  notre  reconnaissance,  et  vous  noi 
trguverez  toujours  devoues  h  marcher  dans  cette  voie. 

M.  Bergee  (Commissaire-Gen&al  de  TExposition) :  Je  tiei 
^  remercier  Fhonorable  professeur  Foster  d'avoir  bien  vou] 
m'associer  aux  eloges  qu'il  ^  decemes  i  M.  le  Ministre.  Si  noi 
B'avons  pas  autant  diB  merite  que  M.  Foster  a  bien  voulu  le  dir 
nous  avons  su  profiter  du  bonheur  rare  que  nous  avons  eu  c 
trouver  dans  tous  les  pays  des  coUaborateurs  eminents  et  dispos 
h  reconnaitre  le  but  que  s'etait  propose  mon  pays.  Sans  ] 
>?ociet^  des  Ingenieurs  Tdegraphistes,  I'exposition  ne  serait  p 
ce  qu'elle  est,  c'ost-^-dire  que  la  participation  anglaise  n'aura 
pas  ete  aussi  complete. 
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V 

A  notre  premier  appel,  voire  Society,  Messieurs,  a  tendu  la  main 
k  radminisl^atioa  frangaise;  elle  a  provoqae  en  Angleterre  le 
grand  mouvement  qui  a  decide  le  gouvemement  de  sa  Majeste 
Britannique  ^  mettre  k  la  tete  du  commissariat  anglais  des 
hommes  tels  que  lord  Crawford,  que  Sir  Charles  Bright,  que  le 
professeur  Hughes,  mon  ancien  ami  de  1878,  le  colonel  Webber 
-qui  honorent  leur  pays  et  le  pays  oil  ils  se  rendent  pour  honorer  la 
science. 

Je  serais  injuste  si  je  ne  gitais  pas  i^i  le  uom  de  M.  Aylmer, 
qui  k  4i6  poor  nous  le  coUaborateur  d^  la  premiere  heure.  On 
peat  dire  que  M.  Aylmer,  votre  sympathique  secretaire  parisien 
ii  et^  la  cheville  ouvriere  de  I'Ezposition  anglaise  d^  la  premiere 
heure;  il  k  die  le  trait  d'union  necessaire  entre  les  exposants 
anglais  et  radministration  fran^alse,  et  ce  n'est  que  justice  de 
prononcer  son  nom,  en  rendant  k  voire  society  I'hommage  de 
reconnaissance  que  je  lui  dois  personnellement. 

The  Pbssident  announced  that  the  first  Paper  to  be  taken  "vras 
a  resume  of  the  earlier  days  of  Electric  Telegraphy,  by  Mr. 
Willoughby  Smith. 

Mr.  Alymeb:  Mes8ieurs,-^M.  Willoughby  Smith  me  prie 
d'ezprimer  ses  regrets  de  ne  pouvoir  pas  prendre  la  parole  en 
fran^ais.  II  me  charge  de  vous  dire  qu'  il  avait  ^it  son  rapport 
dans  ridee-  qu'il  n'y  avait  eu  qu'un  nombre  restreint  de  rapport* 
2^  Stre  soumis  k  la  Soci^t^  ce  soir;  mais,  comme  le  temps  dont 
nous  disposons  est  limits,  et  comme  plusieurs  de  nos  confreres 
frangais  ont  promis  de  nous  lire  des  rapports  tres  interessants, 
M.  Smith  croit  qu'il  vous  sera  plud  agreable  de  les  ecouter,  et  il 
vous  propose  de  vouloir  bien  consid^er  son  rapport  comme  ayant 
m  lu. 

A  la  fin  de  cette  seance,  des  exemplaires  de  ce  travail,  ecrit  en 
frangais  et '  en  anglais,  seront  distribues  aux  membres  du  Congr^s 
qui  nous  ont  honor&  de  leur  pr^ence.  Les  membres  de  notre 
Society  recevront  commtmicatiou  du  rapport  par  la  voie  ordinaire 
du  compte  rendu  public  dans  notre  Journal. 
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A  RESUME  OF  THE  EARLIER  DAYS  OF  ELEOTRIO 
TELEGRAPHY. 

By  WiLLOUGHFY  SMITH  (Vice-President). 

When  it  was  finally  settled  that  we  should  hold  an  Extraordinai 
General  Meeting  in  Paris  on  the  occasion  of  the  Exposition  Inte: 
Rationale  d'Electricite,  it  occurred  to  me  that  it  would  be  a  fittiii 
time,  whilst  in  the  midst  of  such  a  wonderful  collection  of  electria 
appliances  gathered  under  one  roof,  for  us  to  pause,  look  back,  an 
contemplate,  for  the  mutual  instruction  of  all  who  chose  to  ava 
theniselves  of  the  opportunity,  the  way  in  which  such  great  an 
successful  results  have  been  achieved.  Consequently  my  purpoi 
in  this  necessarily  short  paper  is  to  pass  in  brief  review  some  < 
the  most  important  incidents,  many  of  which  have  come  under  no 
own  personal  experience,  in  connection  with  the  earlier  days  < 
Electric  Telegraphy.  Of  all  the  modern  applications  of  electricit; 
one  of  the  most  important  is  its  adaptation  to  telegraph 
purposes. 

No  account  of  a  practical  electric  telegraph  had  been  publishc 
prior  to  the  date  of  Messrs.  Cooke  and  Wheatstone's  patent 
June,  1837.  I  say  practical,  because  Ronalds,  as  early  as  1821 
published  a  description  of  an  electrical  telegraph  of  originalil 
and  merit ;  but  as  he  proposed  to  use  static  electricity  in  conne 
tlon  with  a  wire  enclosed  in  a  glass  tube,  his  telegraph  was  m 
adapted  for  practical  use. 

In  the  September  following  the  date  of  their  patent,  Messi 
Cooke  and  Wheatstone  made  their  first  practical  experiment  on  tl 
London  and  Birmingham  Railway,  and  demonstrated  beyond  a 
doubt  that  as  beacon  fires  and  torches  had  been  superseded  i 
1792  by  the  atrial  or  semaphore  telegraph,  so  now  the  latt( 
would  have  to  succumb  to  a  far  more  important  rival.  Bi 
incredible  as  it  may  appear  at  the  present  time,  the  contest  w; 
long  and  fierce,  and  not  until  1852  did  the  final  defeat  arrive,  i 
far  as  England  was  concerned,  when  the  Electrical  Telegraj 
superseded  the  Semaphore  which  had  so  long  done  duty  betwee 
Liverpool  and  Holyhead. 
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On  June  12th,  1837,  Messrs.  Cooke  and  Wheatstone  patented 
*'  improvements  in  giving  signals  and  sounding  alarums  in  distant 
places  by  means  of  electrical  currents  transmitted  through  metallic 
circuits."  This  patent  included  the  five-needle  instrument, 
requiring  five  line  wires ;  a  four-needle  instrument  on  the  same 
principle,  also  requiring  five  line  wires ;  methods  of  insulating  and 
supporting  the  line  wires  by  covering  them  with  cotton  and  varnish 
and  placing  them  in  a  resinous  cement,  in  troughs  or  tubes ;  and 
also  methods  for  localising  faults  in  the  same. 

On  April  18th,  1838,  Mr.  Cooke  obtained  a  patent,  the  title  of 
which  vms  precisely  the  same  as  the  first  patent,  and  contained  no 
additional  matter  worthy  of  note. 

On  the  21st  January,  1849,  Messrs.  Wheatstone  and  Cooke 
obtained  a  patent,  the  title  of  which  was  similar  to  the  two  already 
mentioned,  and  in  it  are  described  a  signal  apparatus  by  which 
the  letters  of  the  alphabet  are  presented  at  an  opening  in  a  dial- 
plate  by  means  of  an  electro.magnet  in  the  circuit,  which  acts 
upon  the  pallets  of  an  escapement  put  in  motion  by  an  independent 
clock-work ;  an  electric  alarum ;  a  magneto-electrio  machine  to  be 
used  in  connection  with  the  apparatus  above  described,  etc. 

On  the  8th  September,  1842,  Mr.  Cooke  obtained  a  patent  for 
stretching,  suspending,  and  insulating  wires  on  posts  erected  at 
suitable  distances  in  the  manner  now  so  familiar  to  all  of  us  both 
across  the  country  and  parallel  with  railways.  This  patent  also 
mentions  that  ^'the  wires  so  stretched,  suspended,  and  insulated, 
may  be  used  for  one  half  the  circuit,  in  conjunction  with  the 
earth  for  the  other  half." 

On  the  6th  May,  1845,  Messrs.  Wheatstone  and  Cooke  secured 
a  i>atent  for  "Improvements  in  Electrical  Telegraphs,  and  in 
apparatus  relating  thereto,  part  of  which  improvements  are  appli- 
cable to  other  pui-poses."  In  this  patent  it  is  proposed  to  give 
audible  signals  at  the  same  time  that  visible  signals  are  made  by  a 
needle  or  pointer,  a  distinct  and  different  soimd  being  given 
for  each  direction  or  deflection  of  the  pointer.  This  was  to  be 
done  by  either  the  pointer  itself  striking  a  bell,  or  by  alarum 
mechanism.  Also  by  using  the  "  derived  current,"  a  short  branch 
circuit,  or  what  we  should  now  term  a  shunt,  taken  from  the  main 
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wire  without  disturbing  its  continuity,  to  communicate  to  a  send 
tive  signal  apparatus  the  signals  passing  through  the  main  wire 
This  patent  includes  eleven  other  suggestions  or  improTemente 
which  I  think  we  need  not  stop  to  investigate. 

Who  really  invented  the  Electric  Telegraph  is  a  problem  a 
impossible  to  solve  definitely,  as  who  invented  railways  or  ateau 
navigation.  I  therefore  mention  these  patents  simply  because,  sooi 
after  the  date  of  the  last  named,  the  first  Electric  Telegrapl 
Company  in  England  was  formed  for  the  purpose  of  working  thee 
more  for  the  general  use  of  the  public  than  Messrs.  CoQke  an( 
Wheatstone  had  hitherto  done,  they  having  jnrincipally  confine 
their  attention  to  applying  the  telegraph  to  the  use  of  railwa; 
companies  as  an  adjunct  to  their  several  ^stems  of  signalling. 

Although  one  could  loiter  and  note  many  points  of  interes 
which  occurred  in  the  history  of  Electric  Telegraphy  from  it 
commencement  in  1845  to  1850, 1  fear  time  will  not  allow  of  ou 
doing  so ;  let  us  therefore  pass  to  the  year  1850,  and  observe  wha 
progress  had  been  made  to  chat  date.  In  England  the  '*  Electri 
Telegraph  Company  "  had  extended  their  wires  to  2,215  mile 
and  were  using  double  and  single  needle  instruments,  au  import 
ant  modification  of  the  five  and  four  needle  instruments  patente 
by  Messrs.  Cooke  and  Wheatstone  in  1837«  In  Ireland  they  had  nc 
yet  realised  the  value  of  the  Electric  Telegraph,  for  although  the 
had  500  miles  of  railway,  they  had  not  five  miles  of  telegrap 
wire.  But  in  America  they  had  12,000  miles  of  wire,  and  wer 
using  the  Morse,  Bain,  and  House  instruments,  all  on  the  perms 
nent  recording  principle.  The  only  reasons  I  can  assign  for  ih 
more  rapid  progress  which  had  been  made  in  America,  are  thei 
low  charges  and  rivalry  resulting  from  competition,  as  there  wei 
no  less  than  twenty  different  Companies  at  work,  who.  did  nc 
confine  their  lines  to  the  railways,  but  erected  them  on  publi 
roads  or  private  property  as  occasion  required ;  whilst  in  Englan 
one  Company  had  the  monopoly,  and  erected  their  wires  on  th 
property  of  the  Railway  Companies  only ;  but  as  there  were  5,44 
miles  of  railway  open  at  the  time,  their  powers  of  extension  wei 
not  limited  in  that  direction.  In  France  there  were  only  620  mile 
of  wire  in  operation,  suspended  similarly  to  those  in  England,  th 
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iDstmments  used  being  what  were  termed  revolving  pointers.  In 
Prussia  they  had  2,468  miles  of  wire,  mostly  BubterraneaSy  and 
sboilar  iBstruments  were  used  to  those  worked  by  the  French 
Government. 

In  Arnica  they  were  also  at  this  date  emplo]ring  the  iSeetric 
Telegn^h  in  tiioir  meteorological  observations,' and  had  ^mmenced 
a  s^em  of  stoim  warnings  aitmg  many  parts  of  their  coast,  similar 
te  that  we  are  now  so  familiar  with  in  Ikigland.    It  has  been  said 
that' to  predict  an  eclipse  is  an  object  merely  of  curiosity,  but  to 
predict  an  approaching  storm  would  be  of  inconceivable  benefit.' 
It  is  lame  we  have  a  considerable  acquaintance  with  the  nature  of 
heat,  water,  air,  and  electricity ;  but  when  these  four  ingredients 
of  nature,  in  a  compounded  state,  are  floating  round  our  globe, 
and  producing  all  those  various  agitations  and  combinations  known 
under  the  general  denomination  of  **  weather/'  we  are  puzded 
and  perplexed,  and  although  Electric  Telegraphy  has  done  much 
to  enlightai  us,  still  there  is  much  more  to  be  learnt.    No  doubt 
if   the  information  which  is  being   daily   Recorded  by  patient 
observers  in  all  parts  of  the  civilised  world  were  readily  and 
quickly  communicated  to  one  centre,  great  advanoemebt  in  onr 
meteorological  knowledge  would  soon  follow,  and  I  hope  the  day 
is  not  fax  distant  when  such  a  system  will  be  an  accomplished  fact. 
Electric  Telegraphy  having  made  such  satisfactory  progress,  it 
became  absolutely  necessary  that  England  (the  island  centre  of 
the  commerce  of  the  world)  should  no  longer  remain  in  her 
isolated  position,  but  be  put  into  direct  telegraphic  communication 
with  other  nations.      Consequently,  in   1850,  a    company  was 
formed  in  connection  with  the  concession  just  obtained  from  the 
French  Government  by  Mr.  Brett  for  the  sole  right  to  establish 
telegnqphic   communication  between  England  and  France.    Mr. 
Brett  had  guaranteed  that  with  his  instrument,  which  was  a  modi« 
fication  of  House's  step-by-step-motion  printer,  one  wire  and  two* 
perscms  only,  the  one  stationed  in  France  and  the  other  in  England, 
one  hundred  messages  of  fifteen  words  each,  printed  in  cl^T 
Roman  type,  should  be  sent  ready  for  delivery  in  one  hundred 
.  consecutive  minutes.    That  was  a  bold  undertaking  on  the  part  of 
Mr.  Brett,  considering  the  various  opinions  held  in  those  days  as' 
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to  the  practicability  of  ever  being  able  to  either  lay  or  work  i 
submarine  line.    ' 

It  was  arranged  that  25  miles  of  copper  wire  *083  of  an  incl 
in  diameter  should  be  covered  with  gutta  percha  (at  that  time  i 
material  of  comparatively  recent  importation,  the  mechanical  anc 
electrical  properties  of  which  were  just  developing  themselves)  U 
half-an-inch  in  diameter.  The  copper  was  unannealed,  anc 
covered  to  the  full  gauge  with  one  covering  of  gutta  perch^,  ii 
100-yard  lengths.  The  copper  was  joined  by  what  is  termed 
a  bell-hanger's  twist,  and  then  further  secured  with  soft  solder. 
Gutta  percha  in  a  plastic  state  was  then  applied  and  pressed  into 
shape  in  a  wooden  mould,  the  diameter  of  the  finished  joint  being 
about  two  inches.  Of  course  in  those  days  the  joints  were  not 
tested  separately,  nor  was  any  notice  taken  of  the  resistance  oi 
conductivity  of  the  copper,  or  the  resistance  or  electrostatic 
capacity  of  the  gutta  percha.  The  coils,  when  joined  into  suitable 
lengths  for  carriage,  were  simply  immersed  in  water,  at  no  specific 
temperature,  and  if  no  serious  deflection  was  obtained  on  a  very 
sluggish  vertical  galvanometer  from  24  cells  of  the  old  form  of 
sand  battery,  they  were  pronoimced  good,  aud  joined  to  the  length 
which  was  being  coiled  on  to  a  large  iron  reel  constructed  to  hold 
the  25  miles  in  one  continuous  length.  This  drum  or  reel  was 
placed  amidships  on  the  deck  of  a  steam-tug.  Owing  to  the  great 
number  and  size  of  the  joints,  to  place  the  wire  on  the  reel  with 
the  required  uniformity  the  inequalities  were  filled  in  with  cotton 
waste,  and  when  thought  necessary  thin  wooden  laths  were  laid 
longitudinally  the  whole  length  of  the  reel,  between  the  layers  of 
the  wire. 

Previous  to  the  submersion  of  the  main  wire  the  shore  ends 
were  laid,  one  from  a  horse-box,  which  was  to  serve  as  the  shore 
station,  in  the  yard  of  the  Railway  Company  at  Dover,  to  the  far 
end  of  the  staging  erected  in  connection  with  the  new  harbour 
which  was  then  being  constructed.  The  other  was  laid  a  consider, 
able  distance  beyond  low  water  mark,  over  the  rocks  into  the 
lighthouse  on  Cape  Grisnez.  These  shore  ends  consisted  of  a 
oopper  wire  '065  diameter  covered  only  with  cotton  and  a  solution 
of  india-rubber,  and  enclosed  in  a  very  thick  tube  of  lead.     Early 


188].]  ELEGTBIC  TELEQEAPHY.  817 

on  tho  morning  of  the  23rd  August,  1850,  the  tug  stemmed  out  of 
Dover  harbour  to  the  end  of  the  shore  length*  The  end  of  the 
main  wire  was  then  passed  into  a  boat  where  it  was  joined  to  the 
shore  end,  and  the  laying  of  the  main  wire  was  commenced, 
H.ILS.  "  Widgeon  "  leading  the  way.  As  every  110  yards  left  the 
tug  a  leaden  weight  was  attached  to  the  wire,  varying  from  14  to 
24^1b8.,  according  to  the  depth  of  water  or  nature  of  the  bottom. 
At  first  it  was  attempted  to  fix  the  weights  without  easmg  the 
speed  of  the  tug  or  the  egress  of  the  wire,  but  as  each  weight  was 
in  two  halves,  and  had  to  be  placed  on  the  wire,  and  then  fastened 
by  hanmiering  the  two  studs  of  the  bottom  half  which  came  through 
corresponding  holes  in  the  top  half,  it  was  soon  found  that  the  two 
men  so  employed  struck  each  other  more  often  than  they  did  the 
desired  object,  consequently  it  was  found  necessary  to  stop  the 
vessel  while  each  weight  was  being  attached.  The  weather  was 
all  that  could  have  been  'desired,  and  with  the  exception  of  the 
confusion  caused  at  times  by  the  lashing  eflfect  of  the  wooden  laths 
as  they  became  partially  released  from  the  drum,  all  went  well, 
and  at  six  the  same  evening  the  anchor  was  dropped  from  the 
steam-tug  close  under  the  inhospitable-looking  shore  of  Cape 
Qrisnez,  and  at  the  position  of  the  buoy  attached  to  the  shore  end. 
The  end  of  the  main  wire  was  then  passed  into  the  cabin,  where  it 
was  connected  to  the  printing  instrument.  But  it  was  soon 
apparent  that  either  the  orthography  of  the  sender  at  Dover  was 
very  far  from  correct,  or  that  the  instrument  was  not  working  as 
it  was  contemplated  it  would.  Letters  in  **  bold  Eoman  type  " 
were  certainly  received,  but  it  required  great  ingenuity  to  arrange 
them  in  their  proper  order.  As  the  evening  was  fast  approaching, 
too  much  time  could  not  be  given  to  the  experiments  on  board, 
consequently  the  end  of  the  main  wire  had  to  be  passed  into  a  boat 
in  which  the  shore  end  had  previously  been  secured ;  there  the 
splice  was  made  and  then  passed  overboard  with  the  sincere  wish 
that  the  communication  that  evening  effected  between  England 
and  France  might  serve  to  still  further  establish  the  two  nations 
in  unity  and  love.  All  then  landed  and  made  the  best  of  their 
way  to  the  lighthouse  on  the  top  of  Cape  Qrisnez.  where  a  single- 
needle  instrument  was  placed  in  circuit  with  Dover,  but  although- 
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Tnany  anxious  hours  were  passed  in  endeavouring  to  get  signals 
from  Dover,  none  came.  The  trials  of  the  next  day  were  equally 
unsuccessful,  and  then  it  became  apparent  that  the  line  must  have 
broken  down ;  and  as  all  the  attempts  made  to  lift  the  wire  at  or 
near  the  splice  failed,  the  line  was  eventually  abandoned.  Had 
the  main  wire  been  used  instead  of  the  heavy  lead-covered  shore 
end,  I  believe  better  results  would  have  followed.  But  criticism 
can  now  only  be  made  through  the  light  of  experience,  which 
would  not  be  just.  Let  us  rather  award  all  honour  to  those 
gentlemen  who  devoted  their  money,  time,  and  energy  to  a 
practical  demonstration  of  the  feasibility  of  submarine  telegraphy. 
From  that  moment  it  became  simply  a  question  as  to  the  best  way 
to  protect  the  conductor  and  its  insulator  during  the  laying  and 
after  submersion. 

After  careful  consideration,  it  was,  in  1851,  finally  agreed 
that  instead  of  one  wire  of  the  size  used  in  the  experimental  line 
of  the  previous  year,  four  copper  wires  *065  diameter,  covered 
separately  with  two  coverings  of  gutta  percha  to  '25  inch  diameter, 
should  be  twisted  together  and  well  protected  with  thick  iroi 
wires  laid  spirally  around  them.  Yarns  saturated  with  tar  were 
laid  in  the  interstices  of  the  twisted  conductors,  and  designated 
the  **  worming,"  and  the  whole  covered  with  similar  yams  laid  on 
at  right  angles  and  designated  the  "  serving."  Twisting  the  gutta 
percha  wires,  the  worming,  and  the  serving,  were  all  done  at  one 
operation  in  one  machine,  and  the  wire  thus  covered  was  desig. 
nated  the  *'  core."  The  whole  was  then  passed  through  the  lay. 
plate  of  an  ordinary  wire-rope-twisting  machine,  where  ten  gal 
vanised  iron  wires  '25  diameter  were  laid  round  it,  and  as  ii 
passed  from  the  machine  it  was  coiled  in  the  factory  yard.  Th< 
copper  conductors  were  insulated  by  the  Gutta  Percha  Co.,  anc 
forwarded  in  suitable  lengths  to  a  small  wire-rope  manufactory  ii 
BUgh  Street,  Wapping,  where  it  was  twisted,  wormed,  served,  anc 
covered  with  iron  wires  as  described.  Owing  to  litigation  as  tc 
'  patent  rights,  the  manufacture  of  the  cable  was  seriously  delayed 
and  not  finally  completed  until  the  17th  September,  1861.  Pre- 
parations  were  at  once  made  to  coil  the  cable  in  one  length  or 
board  the  "  Blazer,"  a  hulk  lent  by  H.M.  Government,  and  on  the 
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24th  September  all  was  coiled,  and  the  *'  Blazer/'  in  charge  of  two 
steam-tugs,  started  for  the  South  Foreland,  where  on  the  following 
day  one  end  of  the  c^^ble  was  landed  and  the  laying  commenced, 
H.ltlS.  '"Fearless"  showing  the  course,  and  the  ''Blazer"  being 
towed  by  two  tugs,  with  a  third  tug  in  attendance.  To  enumerate 
the  many  exciting  incidents  which  occurred  on  board  the  ''Blazer" 
that  day  wotdd  occupy  too  much  of  our  time.  Owing  to  the  unfor. 
tunate  delays  during  the  manufacture  of  the  cable,  the  laying  was 
obliged  to  be  undertaken,  to  save  the  concession,  during  the  pre- 
Yalence  of  equinoctial  gales  and  the  period  of  the  strongest  tides. 
Although  the  weather  was  fine  at  starting,  it  soon  chauged,  and 
before  noon  it  was  blowing  a  gale,  and  the  "  Blazer,*'  helpless  old 
hulk  as  she  was,  rolled  and  pitched  most  immercifully.  The  con- 
trivances employed  to  retard  the  egress  of  such  a  heavy  cable 
were  insufficient,  consequently  during  the  two  stoppages  which 
occurred — one,  when  from  some  cause  on  shore  there  was  a  total 
cessation  of  signals,  and  the  other  from  the  breaking  of  the  tow. 
rope — ^much  cable  was  wasted,  and  eventually  the  expedition 
arrived  off  Sangatte  late  in  the  evenings  with  insufficient  cable  to 
reach  the  shore.  Never  had  there  been  such  a  continuous  struggle 
between  mind  and  matter  as  there  had  been  the  whole  of  that 
eventful  day,  and  it  was  to  be  regretted  that  matter  for  the  time 
gained  the  victory.  But  nothing  daimted,  a  sufficient  length  of 
cable  to  reach  the  shore  was  at  once  ordered ;  and  in  the  meantime 
three  wires  were  twisted  together,  and,  without  any  protection, 
laid  to  the  beach,  and  there  connected  to  the  wires  already  laid  to 
a  room  at  the  railway  station  at  Calais.  Thus  on  the  30th  Sep- 
tember, 1851  (or  within  a  few  days  of  thirty  years  ago),  was 
tel^raphic  communication  established  between  England  and 
France.  On  the  19th  October  the  additional  length  of  new  cable 
replaced  the  three  wires,  and  on  the  13th  November  the  cable  was 
first  used  for  the  transmission  of  public  messages,  and  with  slight 
interruptions  has  continued  to  do  so  to  the  present  time. 

The  possibility  of  submarine  telegraphy  having  been  so  satis- 
factorily demonstrated,  it  was  but  natural  that  many  and  various 
schemes  should  have  been  immediately  devised  for  its  further 
development.     But,  unfortunately,  owing  to  the  great  haste  and 
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total  disregard  of  even  ordinary  precautions,  some  of  the  schemes 
proved  lamentable  failures.  For  instance,  in  the  June  of  the 
following  year  an  attempt  was  made  to  connect  England  and 
Ireland  by  means  of  a  line  from  Holyhead  to  Howth.  In  this 
iBstance  one  gutta  percha  covered  copper  wire,  similar  to  those  in 
the  Dover  and  Calais  cable,  was  covered  with  No.  8  iron  wire  for 
shore  ends,  then  with  twelve  No.  14  iron  wires  for  a  few  miles,  but 
the  greater  portion  of  the  core  was  only  partially  covered,  bird- 
cage fashion,  with  six  No,  14  galvanised  iron  wires,  consequently 
through  the  core  having  no  serving  or  hemp  covering,  the  gutta 
percha  was  much  exposed.  When  completed  it  was  coiled  on 
trucks  and  taken  by  railway  to  Whitehaven  ;  but,  as  the  steamer 
which  was  to  receive  it  could  not  enter  the  harbour  there,  it  had 
to  be  re-coiled  and  forwarded  to  Maryport,  where  it  was  coiled  on 
board  a  paddle  steamer  and  taken  to  Holyhead.  There  it  was 
electrically  tested  for  the  first  time,  and  found  to  be  faulty.  As  it 
had  never  been  immersed  in  water,  and  was  then  perfectly  dry  in 
the  holds  of  the  steamer,  of  course  only  faults  of  a  very  serious 
character  could  be  detected  and  rectified,  which  was  done  at  the 
cost  of  much  time  and  trouble.  Had  it  been  covered  with  water, 
its  imperfect  electrical  condition  would  have  been  discovered,  and 
most  likely  it  would  not  have  been  laid  at  all.  All  attempts  to 
repair  this  line  after  it  was  laid  proved  fruitless,  for  the  simple 
reason  that  the  necessary  strain  to  lift  it  drew  the  iron  wires 
together,  cutting  through  the  gutta  percha  as  they  forced  the  core 
from  the  centre. 

Later  in  the  same  year  an  attempt  was  made  to  lay  from 
Portpatrick  to  Donaghadee  a  three-strand  hemp  rope  about  two 
inches  in  diameter,  in  the  interstices  of  which  was  laid  a  copper 
wire  which  had  first  been  covered  with  india-rubber,  and  then 
with  gutta  percha.  But,  owing  to  the  inadequate  means  provided 
for  shiking  such  a  rope,  the  strong  currents  carried  it  far  from  the 
proposed  course,  and  eventually  the  attempt  was  abandoned. 

Later  still  in  the  same  year  another  attempt  was  made 
between  the  same  points,  with  a  cable  similar  in  construction  to 
that  laid  in  the  previous  year  across  the  English  Channel,  but 
owing  to  unfavourable  weather  and  inadequate  means  for  stopping. 
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or  eyea  retarding,  the  egress  of  such  a  heavy  cabloi  the  length 
provided  proved  too  short,  and  eventually  this  expedition  returned 
also  unsuccessful.  Thus  had  three  cables  been  lost  in  attempting 
to  electrically  connect  England  and  Ireland ;  but  in  the  following 
year  a  heavy  multiple  cable  was  successfully  laid  from  Portpatrick 
to  Donaghadee.  Four  light  cables  were  also  laid  in  that  year 
between  England  and  Holland,  and  a  heavy  multiple  one  between 
Dover  and  Ostend. 

The  year  1853  was  also  notable  for  the  large  amount  of 
subterranean  wires  laid  in  England  by  several  of  the  then  existing 
telegraph  companies ;  but  as  I  went  somewhat  into  detail  on 
that  subject  in  my  paper  on  "  Underground  Wires,"  which  I  read 
before  the  members  of  this  Society  on  the  28th  March,  1877,  and 
which  was  published  in  Vol.  VI.  of  the  Journal  of  the  Society's 
Proceedings,  it  is  unnecessary  for  us  to  go  over  the  same  ground 
again. 

From  1851  to  1856  there  had  been  successfully  laid,  not  in 
connection  with  England  only,  but  in  various  parts  of  the  world, 
about  1,600  miles  of  cable,  and  it  was  thought  that  sufficient 
experience  had  been  obtained  to  bring  to  a  successful  issue  the 
long-cherished  scheme  of  laying  a  cable  from  Ireland  to  New- 
foimdland,  and  thus  bring  America  into  direct  telegraphic 
communication  with  England.  Soundings  were  taken,  and  it  was 
asserted  that  although  rough  and  jagged  rocks  did  project  high 
above  the  bottom,  still  there  was  a  level  plateau,  or  smooth  path, 
between  the  two  islands,  as  though  nature,  anticipating  the  wants 
of  man,  had  prepared  a  resting  place  for  telegraph  cables,  where, 
if  properly  placed,  they  would  lie  in  perfect  peace,  and  where  the 
ooze,  which  it  was  alleged  was  constantly  descending  through  the 
water,  resembling  the  fall  of  snow  through  our  atmosphere,  would 
effectually  cover  and  protect  the  cable  to  the  end  of  time. 

Experiments  were  made  with  long  lengths  of  submarine  and 
subterranean  wires,  and  the  results  stated  to  be  highly  promising 
as  to  a  remunerative  speed  being  obtained  through  an  Atlantic 
cable  2,000  miles  in  length,  using  a  comparatively  small  con- 
ductor. The  mechanical  properties  of  various  specimens  of  what 
were  considered  suitable  cables  were  fully  tested,  and  finally  the 
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choice  fell  on  one  in  which  the  conductor  consisted  of  a  seTen 
wire  strand  of  copper,  weighing  107  lbs.  per  knot,  trebly  coTerei 
with  gutta  percha,  the  weight  of  which  was  261  lbs,  per  knot,  th 
external  diameter  being  f  of  an  inch.  Around  the  gutta  percb 
were  spirallj  laid  hemp  yams  saturated  with  a  composition  of  tai 
pitch,  and  tallow,  over  which  were  also  spirally  laid  eighteen  iroa 
wire  strands,  each  strand  being  composed  of  seven  wires  of  th< 
same  diameter  as  those  used  in  the  conductor.  The  weight  in  ai 
of  the  completed  cable  was  20  cwt,  and  in  water  13*4  cwt.  pe 
knot,  its  breaking  strain  being  about  3'25  tons.  The  final  selec 
tioQ  of  this  cable  was  not  made  until  late  in  the  year  1856,  and,  a 
it  was  stipulated  that  2,500  miles  must  be  shipped  and  ready  to 
laying  in  the  June  of  the  following  year,  it  allowed  only  sL 
months  for  all  the  work  to  be  done.  In  that  short  space  (d  tim< 
116  tons  of  copper  had  to  be  prepared  and  drawn  into  17,60( 
miles  of  wire,  which  had  to  be  twisted  into  2,500  miles  of  strand 
350  tons  of  gutta  percha  had  to  be  what  is  termed  "  manufactured,' 
and  placed  around  the  conductor  in  three  separate  coverings 
IfiSl  tons  of  charcoal  iron  had  to  be  specially  prepared  and  drawi 
into  315,000  miles  of  wire,  from  which  45,000  miles  of  strand  hac 
to  be  twisted,  and  then  laid  around  the  core.  Add  to  all  this  ihn 
fact  that  ships  had  to  be  selected  and  got  ready  to  receive  tin 
cable,  machines  both  for  manufetcturing  and  laying  had  to  b 
constructed,  and  no  surprise  need  be  expressed  that  experience 
eooQ  taught  that  so  short  a  time  was  totally  inadequate  for  suol 
an  important  work  to  be  executed  in  a  proper  and  efficien 
manner. 

Lengths  of  the  core  varying,  from  1,600  to  2,400  yards  wei< 
immersed  in  water  at  no  fixed  temperature,  and  shore  tested  fo 
insulation  with  504  cells  of  the  old  form  of  sand  battery,  and< 
horizontal  galvanometer.  If  the  deflections  of  t^e  coils  of  ead 
batch  were  constantly  uniform,  their  electrical  condition  wa 
certified,  and  each  coil,  wound  on  a  wooden  reel,  was  forwarded  U 
the  cable  factory. 

Soon  after  the  commencement  of  the  manufacture  of  the  cable 

frequent  want  of  continuity  in  the  conductor  occurred  througl 

-^^perfections  in  the  copper,  from  improper  annealing  and  othe: 
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causes.  Unfortunately  several  hundred  miles  of  the  core  were 
manufactured  before  the  machines  were  ready  to  cover  the  same 
with  the  serving  and  iron  strands ;  the  fatal  edict  therefore  went 
forth  that  all  the  core  in  stock  should  be  submitted  to  tensile 
^«train  as  it  passed  over  a  barrel  of  small  diameter,  to  develop,  if 
possible^  any  defects  in  the  conductor  before  it  passed  the  wire- 
oovering  machine.  Now  when  a  wire  or  strand  of  copper  covered 
with  gutta  percha  is  stretched,  the  metal  becomes  permanently 
elongated  and  holds  the  elastic  material  in  that  position  until  a 
favourable  opportunity  occurs  for  the  gutta  percha  to  return  to  its 
normal  state,  distorting  the  wire  in  so  doing.  Unfortimately  it 
was  not  long  before  such  an  opportunity  occurred ;  the  cable  bs 
manufactured  was  coiled,  not  in  tanks  where  it  could  be  kept 
under  water,  but  where  it  was  exposed  to  the  powerful  effects  of 
the  sun's  rays.  The  consequence  was  that  the  gutta  percha 
became  plastic  in  parts,  and  the  conductor,  being  forced  out,  came 
into  direct  contact  with  the  serving,  which,  being  dry,  acted  the 
part  of  an  insidatcn:,  and  thus  prevented  detection  while  the  cable 
was  in  a  dry  state.  It  was  to  be  regretted  that  the  manufacture 
of  the  cable  was  too  far  advanced  for  advantage  to  be  taken  of  Sir 
William  Thomson's  disooveiy  of  the  great  variation  in  the  electrical 
conductivity  of  commercial  copper,  especially  in  that  then  being 
used  for  the  conductor  of  the  Atlantic  cable.  The  importance  of 
that  discovery  has  since  been  fully  realised,  not  only  in  every 
branch  of  electrical  science,  but  by  also  enabling  a  purer  copper  to 
be  obtained,  for  whatever  purpose  required;  for,  as  is  now  generally 
known,  the  higher  its  electrical  conductivity  the  purer  the  copper. 

It  was  not  until  the  5th  of  August  that  one  end  of  the  cable 
was  landed  at  Yalentia  and  the  laying  of  the  cable  commenced; 
but  soon  after  starting,  difficulties  began  to  manifest  themselves, 
and  when  385  miles  were  laid  the  cable  broke  just  astern  of  the 
payii^^ut  machine,  and  the  expedition  was  abandoned  for  that 
year,  ^e  remaining  portion  of  the  cable  was  coiled  in  the  dock- 
yard at  Plymouth,  where  it  was  overhauled,  but  not  immersed, 
and  passed  through  a  hot  insulating  mixture,  then  spliced  to  700 
miles  of  new  cable,  making  the  total  length  about  3,000  miles. 

In  the  following  June,  the  cable  having  been  re-coiled,  half  on 
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board  the  "  Niagara"  and  half  on  board  the  ^Agamemnon,"  varionfi 
e^eriments  were  made  in  the  Baj  of  Biscay,  the  results  of  which 
were  eoDsidered  satisfactory  to  the  proposal  of  splicing  the  cable 
ia  mid-ocean  and  both  ships  paying  out  cable  at  the  same  time, 
one  towards  Ireland  and  the  other  towards  Newfoundland.  Od 
the  26tli  of  June  the  splice  was  made  in  mid-ocean,  but  afiei 
paying  out  three  miles  from  each  ship  the  cable  broke  at  the  stem 
of  the  '^  Niagara."  The  ships  at  once  returned  to  their  formei 
positions  and  re-spliced,  but  when  about  forty  miles  had  been  laid 
from  each  ship  a  total  cessation  of  signals  occurred,  and  those  on 
board  each  ship,  supposing  an  accident  had  happened  on  the  othei 
(an  incident  which  shows  one  of  the  disadvantages  of  this  mode  of 
laying  ciibles),  they  each  returned  to  the  position  where  the  splice 
had  been  made,  and  on  meeting  anxiously  inquired  one  of  the 
other,  "How  did  the  cable  part?"  The  cause  of  rupture  this 
time  proved  to  be  a  profound  mystery,  for  all  was  proceeding 
satisfactorily  on  both  ships  when  the  apparent  want  of  continuity 
occurred.  The  cable  was  again  spliced,  and  about  200  miles  laid 
vrhen  It  broke  close  to  the  stem  of  the  ''Agamemnon,"  and  the 
ships  returned  to  Ireland. 

Oo  tlie  29th  July  they  returned  again  to  mid-ocean  and  spliced 
the  cable  there  once  more,  but  had  not  proceeded  far  in  paying 
out  before  there  was  reported  a  want  of  continuity.  Fortunately 
they  continued  to  pay  out  slowly  from  both  ships,  and  after  two 
hours'  sinsious  suspense  the  signals  reappeared  as  mysteriously  as 
they  bad  previously  disappeared.  Such  incidents  frequently 
occurred  again,  but  no  actual  rupture  took  place,  and  on  the  5th 
August  each  ship  had  completed  its  task,  the  ''Niagara"  having  laid 
1,030,  aud  the  "Agamenmon"  1,020  knots.  It  was  true  the  cable 
was  laid,  but  its  electrical  state  must  have  been  in  a  most  deplor- 
able con^lition,  for  nothing  but  what  was  analogous  to  brute  force 
could  produce  spasmodic,  emaciated  shadows  of  the  intended 
signals,  and  in  twenty-four  days  it  was  unable  to  produce  those 
results,  the  whole  being  pronounced  a  failure.  It  was  a  failure  in 
one  sense  of  the  term,  but  it  should  not  be  forgotten  that  much 
valuable  experience  had  been  obtained,  and  that  the  problem  was 
^-^—4  as  to  the  feasibility  of  laying  and  working  an  Atlantic  cable. 
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About  this  periody  time  began  to  develop  the  fact  that  the 
system  of  using  such  a  strong  solvent  of  gutta  percha  as  coal-tar 
naphtha  between  each  separate  covering,  with  a  view  to  causing 
more  perfect  adhesion,  had  very  prejudicial  effects  cm,  the  gutta 
percha,  consequently  I  began  to  experiment  with  a  view  to 
cbtainisg  an  adhesive  solution  or  compound  which  would  in  no 
way  injuriously  affect  the  gutta  percha,  and  soon  found  that  suit- 
able proportions  of  Stockholm  tar,  resin,  and  gutta  percha  pro- 
duced a  compound  suitable  for  the  purpose.  Not  only  did  this 
compound  possess  good  adhesive  qualities,  but  it  was  also  a  good 
insulator,  and  when  applied  between  each  alternate  covering  of 
gutta  percha,  improved  the  insulation  threefold.  This  compound 
has  done  and  is  still  doing  service,  and  its  qualities  are  so  well 
known  that  no  further  notice  need  be  taken  of  it  here. 

It  was  about  this  time  a  cause  for  surprise  and  regret  that  the 
Tgtigliftli  Qovemment  should  have  financially  connected  itself  with 
such  a  gigantic  scheme  as  that  of  laying  a  cable  from  Egypt  to 
India  while  the  success  or  failure  of  the  Atlantic  cable  was  still  in 
the  balance.  Had  they  awaited  the  result  of  the  Atlantic  expedi- 
tion,  perhaps  the  lamentable  failure  which  so  soon  followed  might 
have  been  avoided.  The  cable  of  the  Red  Sea  and  Indian  Tele, 
graph  Co.  consisted  of  a  core  containing  180  lbs.  of  copper,  in  the 
form  of  a  seven-wire  strand  doubly  covered  with  212  lbs.  of  gutta 
percha  per  mile,  served  with  tarred  yams  and  covered  with  eighteen 
iron  wires.  The  gross  weight  per  knot  was  about  twenty-one  cwt. 
It  was  laid  in  six  sections,  from  Suez  to  Kurrachee.  To  give  the 
history  of  the  manufacture,  laying,  and  ultimate  failure  in  working, 
would  only  be  to  repeat,  with  unsatisfactory  additions,  what  has 
already  been  said  concerning  the  Atlantic  cable.  Suffice  it  to  say 
that  the  4,000  miles  were  manufactured  and  laid  by  the  contractor 
in  the  short  space  of  fifteen  months,  and  during  the  same  time  the 
same  contractor  was  experimenting  in  laying  hemp-covered  cables 
in  the  Levant,  where  about  800  miles  were  lost. 

These  serious  failures,  involving  as  they  did  the  loss  of  about 

8,000  miles  of  cable,  in  so  short  a  time,  naturally  suggested  a 

thorough  investigation  of  the  whole  matter;   therefore  a  joint. 

committee,  appointed  by  the  Lords  of  the  Conmiittee  of  Privy 
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Council  for  Trade  and  the  Atlantic  Telegraph  Co.,  was  fonned  U 
inquire  into  the  construction  of  submarine  cables ;  and  I  believ< 
the  arduous  labours  of  that  committee  did  much  for  the  ultimate 
success  of  submarine  telegraphy. 

In  June,  1859,  the  English  Government  ordered  1,200  nautica 
miles  of  cable  to  be  laid  between  Falmouth  and  Qibraltai 
Engineers  and  electricians  were  appointed  to  inspect  the  manufac 
ture  of  this  cable.  The  core  consisted  of  equal  weights  of  a  seven 
wire  copper  strand  trebly  covered  with  gutta  percha  and  compound 
weighing  altogether  800  lbs.  per  mile.  This  core  was  covered  witl 
tarred  yams  and  solid  iron  wires  in  the  ordinary  way.  Instrument 
were  practically  employed  for  measuring  the  electrical  qualities  o 
the  copper  and  gutta  percha  at  a  uniform  temperature,  and  th< 
results  were  recorded  in  electrical  units.  That  is  to  say,  "On 
specific  resistance  of  the  copper  and  gutta  percha  was  so  noted  iba 
the  measurements  would  be  comparable  with  the  results  obtained 
during  manufacture  and  after  submersion.  The  core  in  suitabl( 
lengths  was  submitted  to  a  pressure  of  600  lbs.  to  the  square  inch 
and  it  was  invariably  found  that  the  resistance  of  the  gutta  percha 
increased  when  so  circumstanced.  The  gutta  percha  on  one  o 
the  coils  having  been  by  accident  pierced  through  to  the  conducto 
while  placing  it  in  the  pressure  tank,  it  was  found  that  th< 
water  was  forced  along  the  strand  and  out  of  the  ends  which  wer 
brought  through  stuffing-boxes  for  testing  purposes.  To  obviate  thi 
in  future,  I  had  the  centre  wire  of  the  strand  passed  through  th* 
oompound  before  the  other  six  wires  were  laid  around  it.  This  hai 
the  desired  effect,  as  water  at  a  pressure  of  1,000  lbs.  per  squar 
inch  could  not  be  forced  through  six  inches  of  a  core  containing  i 
strand  so  constructed.  This  cable  was  also  coiled  into  water-tank 
as  manufactured  ;  but  the  ships  engaged  to  lay  it  were  not  fitte 
with  tanks,  consequently  soon  after  shipment  of  the  lirst  section  ai 
increase  in  the  resistance  of  the  conductor  denoted  an  increase  ii 
the  temperature  of  the  cable,  which  was  found  to  arise  from  fermen 
tation,  but  whether  caused  by  the  hemp  serving  or  the  oxidation  c 
the  iron,  opinions  differed.  By  thermo-electric  measurements  i 
was  found  that  the  temperature  varied  from  84  to  62®  Fahr.  i: 
different  parts  of  the  same  coil,  while  the  external  temperatur 
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lepfc  unifonn  at  60^.  It  was  thought  that  the  high  temperature 
might  have  permanently  injured  the  gutta  percha,  but  a  length  of 
core  taken  from  the  hottest  part  showed  no  signs  of  deterioration. 

Owing  to  the  delay  of  the  ships  the  season  was  too  far  advanced 
to  lay  it  where  first  intended ;  it  was  therefore  arranged  to  lay  it 
between  Rangoon  and  Singapore.  But  the  ship  carrying  the  first 
portion  came  to  grief  in  the  English  Channel,  and  eventually  it 
was  laid  in  three  sections  between  Malta  and  Alexandria,  where, 
owing  to  the  shallowness  of  the  water  in  which  parts  of  it  were 
laid,  and  the  light  character  of  its  construction,  it  was  frequently 
out  of  order,  and  had  to  be  superseded  by  a  cable  which  was  laid 
direct  from  Malta  to  Alexandria  in  1868. 

In  December,  1860,  I  first  called  attention  to  the  fact  that 
mechanical  injuries  to  the  core  of  a  cable,  from  accident  or  other, 
wise,  were  often  concealed  by  the  insulating  properties  of  the 
tarred  serving,  and  that  according  to  the  nature  of  the  fault  and 
the  amount  of  tar  so  was  the  period  of  the  concealment — ^a  fact 
8Q£Seient  to  account  for  the  failure  of  insulation  of  so  many  cables 
after  they  have  been  laid  in  apparently  perfect  condition.  To 
obviate  this  I  advised  that  the  serving  should  be  saturated  with  a 
conducting  instead  of  an  insulating  preservative  fluid,  and  that  the 
core  should  be  always  kept  in  water  and  passed  direct  from  the 
same  to  the  iron-covering  machine,  where  the  presence  of  the 
wires  at  the  lay  plate  would  compress  the  serving,  and  force  the 
fluid  into  any  defect  in  the  gutta  percha,  and  immediately  develop 
the  same.  The  suggestion  was  readily  adopted,  and  soon  proved 
e&ctive;  since  then  tarred  serving  has  been  the  exception^  not 
the  rule. 

On  the  completion  of  the  first  Malta  and  Alexandria  cable,  the 
Government  ordered  one  to  be  laid  in  the  Persian  Qulf ;  but  before 
deciding  on  the  form  of  cable,  a  great  many  experiments  were 
made,  especially  on  the  electrical  and  mechanical  properties  of 
various  cores  consisting  of  gutta  percha  or  india-rubber,  pure  and 
simple,  or  compounded  with  other  substances.  Eventually  the 
one  selected  was  to  consist  of  a  segmental  copper  wire,  weighing 
225  lbs.  per  knot,  insulated  by  four  coverings  of  gutta  percha,  with 
the  compound  already  referred  to  applied  in  the  ordinary  way, 
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weighing  275  lbs.  per  knot,  the  total  weight  of  the  core  being  500 
lb&  per  knot.  A  strand  and  solid  wire,  of  the  same  copper  and  of 
equal  weights,  under  the  same  conditions,  conduct  precisely  the 
same;  but  in  lateral  induction  there  would  be  a  slight  dis- 
advantage in  using  a  strand,  and  it  was  therefore  to  obtain  the 
mechanical  advantages  of  the  strand  and  the  electrical  advantages 
of  a  solid  that  a  segmental  wire  was  proposed,  which  was  con- 
structed  of  four  copper  wires,  each  forming  the  segment  of  a  circle, 
drawn  into  one  copper  tube ;  but  the  mechanical  difficulties  in  the 
manufacture  were  so  great  that  it  was  abandoned  for  a  solid  wire 
before  the  completion  of  the  cable.  The  electrical  qualities  of  the 
core  were  tested  in  suitable  lengths  at  a  uniform  temperature  of 
75°  Fahr.,  while  under  a  pressure  of  twenty  atmospheres  per 
square  inch,  and  the  electrical  resistance  of  the  gutta  percha  in- 
invariably  increased  about  40  per  cent,  under  such  conditions,  but 
returned  to  its  normal  resistance  when  the  pressure  was  removed 

The  now  well-known  accumulation  method  was  for  the  first 
time  applied  to  test  the  joints  in  this  core.  The  serving  was 
saturated  with  tan  water  instead  of  tar,  tallow,  etc.,  as  heretofore 
used,  and  the  served  core  was  coiled  in  water.tanks.  Twelve  iron 
wires  of  the  required  diameter  to  envelop  the  serving  when  laid 
helically  around  it  were  then  covered  with  two  layers  of  yams 
wound  in  opposite  directions. 

A  hot  bituminous  compound,  composed  of  Stockholm  tar, 
ground  silica,  and  pitch,  was  applied  with  each  covering  of  yam; 
the  whole  passing  through  powerful  compressed  grooved  rollers, 
which  gave  it  a  smooth  black  surface.  As  manufactured,  it  was 
coiled  into  water-tight  tanks,  and  under  the  same  conditions  the 
1,450  knots  were  transported  in  four  sailing  vessels  and  laid  in  four 
sections  between  Eurrachee  and  Faa,  the  intermediate  stations 
being  Qwadir,  Mussendom,  and  Bushire.  The  very  satisfactory 
results  on  the  completion  of  this  cable  certainly  compensated  for 
the  great  amount  of  care  and  attention  which  had  been  bestowed 
on  its  selection,  manufacture,  and  laying. 

During  the  time  occupied  in  the  manufacture  and  laying  of 
the  last-mentioned  cable,  two  attempts  to  lay  speciaUy-constructed 
cables  were  made  in  the  Mediterranean.    It  had  been  proved,  by 
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a  series  of  well-conducted  experiments,  that  if  hemp  yarns  were 
placed  around  an  iron  or  steel  wire  at  a  certain  angle,  and  in 
certain  proportions,  the  breaking  strain  of  the  two  would  be 
greater  than  the  sum  of  their  separate  breaking  strains;  conse. 
quently  an  ordinary  gutta  percha  core  was  surrounded  with  wires 
80  coyered  with  hemp,  to  be  laid  between  Toulon  and  Algiers,  but 
owing  to  the  '^  springy"  character  of  the  cable,  and  the  incom- 
pleteness  of  the  paying-out  arrangements,  the  cable  broke  while 
being  laid,  and,  having  to  manufacture  new  cable  to  replace  the 
portion  lost,  it  took  twelve  months  to  complete  the  undertaking. 
The  other  experiment  was  with  130  knots  of  an  ordinary  gutta 
percha  core,  covered  with  yams  saturated  with  a  conducting  fluid, 
put  on  at  a  uniform  tension,  with  a  slight  twist,  and  then  covered 
with  a  continuous  tubular  metallic  casing,  which  was  applied  by 
winding  a  flat  ribbon  of  copper  in  a  helical  direction  around  it  in 
such  a  manner  that  the  edge  of  each  convolution  overlapped  that  of 
the  preceding  one.  The  whole  length  was  coiled  round  a  cone  on  a 
revolving  disc,  or  turntable,  fixed  in  the  hold  of  a  steamer,  and 
attempts  were  made  to  submerge  it  between  Oran  and  Carthagena, 
but  its  construction  proved  totally  unsuited  for  the  purpose,  as  did 
also  the  arrangements  of  the  revolving  disc  or  table,  and  the 
expedition  was  abandoned  aftet  having  lost  about  half  the  cable. 

Notwithstanding  these  and  other  failures,  sufficient  had  been 
successfully  accomplished  to  warrant  another  attempt  to  connect 
Ireland  and  Newfoundland,  for  during  the  five  years  which  had 
elapsed  since  the  last  attempt  great  improvements  had  been  made 
in  every  branch  of  submarine  telegraphy.  It  was  accordingly 
decided  to  manufacture  2,300  k^ots  of  cable,  consisting  of  a  core 
containing  a  seven-wire  strand  of  copper  weighing  300  lbs.  per 
knot,  covered  with  four  coverings  of  gutta  percha  and  four  of 
compound,  applied  alternately  to  a  diameter  of  *464,  and  weighing 
400  lbs.  per  knot,  the  total  weight  of  the  core  being  700  lbs.  per 
knot.  The  serving  was  ordinary  hemp  saturated  with  tan  liquor. 
The  external  protection  consisted  of  ten  solid  iron  wires,  each  sur- 
rounded separately  with  Manilla  yams  covered  with  a  preservative 
compound  of  tar,  india-mbber,  and  pitch.  The  whole  cable  was 
coiled  in  three  separate  tanks  on  board  that  marvellous  conception 
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of  Bnmely  tiie  ''  Qreat  Eastern,"  and  the  expeditioii  started  inlbe 
sammer  of  1865.  From  the  extraordinary  care,  even  to  the 
minutest  detail,  bestowed  on  all  connected  with  this  cable,  it  was 
•believed  thai  suooess  would  be  the  reward  ;  but  during  the  mana. 
&cture,  coiUng  on. board,  atid  the  laying,  faults  occulted  in  the 
insulation  which,  when  found,  suggested  the  horrible  thought  that 
the  hands  of  some  evil-disposed  person  or  persons  had  been  at 
work,  as  there  was  the  uncbniable  fact  that  some  bhmt  instrument 
had  been  forced  between  the  wires  of  the  outer  covering,  through 
the  gutta  percha  to  the  conductor,  and  then  withdrawn.  One 
such  fault  occurred  when  seventy-nine  knots  had  been  laid,  and 
ten  knots  had  to  be  pu^ed  up  to  remove  the  same.  Ano&er 
similar  fault  developed  itself  when  750  knots  had  been  submerged, 
and  three  knots  had  to  be  picked  up  from  2,050  fathoms  to  remove 
it.  Another  fault  appeased  in  2,200  fathoms,  when  1,214  knots 
had  been  successfully  laid ;  but  this  was  never  found,  for  after 
picking  up  three  knots  the  cable  parted,  and  the  end  of  the  s^ 
portion  was  lost.  After  various  unsucce^ful  attempts  to  recover 
it,  the  expedition  returned  home,  the  season  being  too  far  advanced 
to  allow  of  any  further  attempts  being  made  that  year. 

It  was  generally  admitted  that  had  not  those  mysterious  faults 
occurred  in  the  way  and  at  the  time  they  did,  there  would  have 
been  no  difficulty  in  successfully  laying  the  cable ;  and  therefore 
it  was  decided  that  1,600  knots  of  new  cable  should  be  manufac 
tured,  and  in  the  following  year  (1866)  another  trial  be  made 
to  connect  Yalentia  and  Newfoundland,  and  that  then  an  att^npt 
should  be  made  to  pick  up  the  lost  end  of  the  previous  year's  cable, 
and  complete  the  laying  of  that  cable  also.  The  1,600  knots  of 
new  cable  differed  somewhat  from  the  former  one.  The  iron  wires 
were  more  pliable,  were  galvanised,  and  no  compound  used  on 
them  or  their  jute  covering. 

.  The  oorQ  of  these  cables  was  not  submitted  to  pressure  during 
.the  electrical  tests,  for  in  no  instance  had  pressure  developed 
lnults ;  but  actual  experiments  proved  that  faults  which  would  be 
^tected  under  pressure  of  one  atmosphere  became  more  or 
less  concealed  according  to  the  amount  of  pressure  applied.  The 
results  of  an  experiment  with  a  faulty  coil  is  given  in  the  following 
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table,  from  which  jou  will  more  easily  see  the  proportion  in  which 
the  resistance  increased  with  au  increase  of  pressure  : — 

1     atmosphere  =  49  megohms  per  knot. 
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On  removal  of  the  pressure  the  resistance  suddenly  increased 
to  178,  then  gradually  began  to  fall,  and  at  the  end  of  seventeen 
hours  had  returned  to  its  normal  condition,  or  49  megohms.  If 
the  pressure  be  allowed  to  decrease  very  gradually,  it  is  very 
interesting  to  note  the  gradual  increase  in  the  resistance  until  the 
pressure  is  entirely  removed,  and  then  the  resistance  begins  to 
decrease ;  but  if,  as  stated,  the  pressure  be  suddenly  removed,  the 
resistance  as  suddenly  increases. 

Owing  to  the  hardness  of  the  iron  wire  used  in  the  cable  of 
1865,  its  adhesive  compound,  and  the  long  time  it  had  been  lying 
coiled  in  the  tanks  on  board  the  "  Great  Eastern,"  several  exciting 
scenes  occurred  while  submerging  that  portion,  from  the  layers  of 
cable  in  the  tank  sticking  together  and  becoming  entangled,  thus 
causing  what  are  technically  known  as  '*  foul- flakes ;  "  but  with 
these  exceptions  nothing  could  have  progressed  more  favourably 
than  did  everything  connected  with  the  work  ;  and  after  fourteen 
days  and  nights  of  care  and  anxiety,  all  engaged  had  the  satisfaction 
of  knowing  that  their  labours  had  been  crowned  with  success. 
After  necessary  preparations  the  expedition  started  to  recover  the 
lost  end  of  the  1865  cable,  and  after  twenty  days  and  nights'  hard 
straggle  with  the  elements,  the  end  was  recovered.  After  speaking 
with  Valentia  and   ascertaining  the  electrical  condition  of  the 
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whole  length  to  be  perfect,  the  end  was  spliced  to  the  cable  on 
board,  and  paying  out  towards  Newfoundland  commenced.  All 
proceeded  well  until  within  a  few  hours  of  completing  the  laying, 
when  at  six  a.m.,  while  receiving  from  Yalentia  a  summary  of  the 
news  from  the  Times  of  that  morning,  a  sudden  fault  in  insulation 
occurred.  This  was  soon  found  to  be  on  board,  so  the  cable  was  cut 
and  respliced,  and  to  the  credit  of  all  be  it  recorded  that  in  less 
than  two  hours  the  fault  had  been  removed  and  paying  out 
recommenced.  At  five  p.m.  the  same  day  the  laying  of  this  cable 
was  also  successfully  completed.  It  was  fortunate  that  the  fault  of 
the  morning  had  been  detected  before  it  passed  out  of  the  ship,  for 
on  careful  examination  it  showed  that  one  end  of  a  broken  wire  in 
the  top  coil  had  by  some  means  got  bent  at  right  angles  and  had 
entered  the  coil  beneath,  and  the  pressure  caused  by  one  of  the 
tank  men  stepping  on  it  forced  the  wire  through  the  gutta  percha 
to  the  conductor.  As  this  fault  was  precisely  of  the  same 
character,  and  occurred  in  a  portion  of  the  same  cable,  as  those  of 
the  previous  year,  it  was  but  fair  to  assume  that  they  were  caused 
in  a  similar  way,  and  not  maliciously,  as  at  first  supposed. 

The  particulars  of  my  system  for  testing  and  working  these 
cables,  which  I  employed  during  the  laying  and  after  submersion, 
I  gave  in  the  paper  which  I  read  at  this  Society's  meeting  on  the 
12th  February,  1879,  and  which  is  published  in  the  Journal  of  our 
proceedings,  and  therefore  I  need  not  notice  it  further  here.  No 
doubt  the  laying  of  the  one  cable,  and  the  recovery  and  completion 
of  the  other,  were  the  crowning  achievements  in  submarine 
telegraphy,  and  gave  to  that  branch  of  our  science  an  impetus  that 
knew  no  bounds  until  all  civilised  countries  were  connected  tele- 
graphically as  one  nation.  At  the  present  time  there  are  at  work 
in  all  no  less  than  70,000  miles  of  submarine  telegraph  cables. 
Thirty-three  years'  experience  has  taught  us  that  neither  the 
electrical  nor  mechanical  qualities  of  either  gutta  percha  or  copper 
deteriorate  by  long  working  or  submersion,  and  also  that  the  iron 
wires,  when  properly  protected  from  oxidation,  retain  all  their 
original  qualities ;  consequently  the  best  form  of  a  submarine 
telegraph  cable  will  be  that  in  which  these  conditions  are  fulfilled. 

The  progress  in  the  perfection  of  all  instruments  and  appliances 
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connected  with  electric  telegraphy  is  so  well  shown  in  the 
Exhibition  which  has  brought  us  together  here  that  I  need  not 
refer  to  them  now.  Although  I  have^  I  fear,  encroached  somewhat 
too  long  upon  your  time,  I  feel  sure  you  will  in  conclusion  allow 
me  to  embrace  this  fitting  opportunity  of  acknowledging  the 
uniform  kindness  I  have  always  experienced  in  this  country, 
whenever  I  have  visited  it  upon  either  business  or  pleasure.  My 
first  visit  was  when  I  landed  at  Cape  Qrisnez  on  the  completion  of 
the  experimental  line  in  1850,  after  an  exciting  day's  work  and 
eighteen  hours'  fasting.  I  have  at  the  present  time  a  vivid 
recollection  of  the  kindness  of  the  lighthouse  keeper,  who  not  only 
shared  with  me  his  frugal  meal,  but  rendered  all  the  assistance  he 
could  to  my  personal  wants. 

A  vote  of  thanks  having  been  accorded  to  Mr.  Willoughby 
Smith,  the  President  called  on  M.  Mercadier  for  his  paper. 

RADIOPHONIE. 
Par  M.  Mercadier  (Foreign  Member). 

M.  le  Ministre,  Messieurs, — J'ai  d'abord  h  adresser  un  double 
remerciment  h,  la  Soci^te  des  Ingenieurs  electriciens  de  Londres^ 
pour  avoir  bien  voulu  me  demander:  d'abord  de  prendre  la  parole 
dans  une  pareille  assemblee,  et,  en  second  lieu,  de  trailer  ici  un 
sujet  se  rapportant  directement  aux  derniers  travaux  que  j'ai 
eflFectues,  et  qui  sont  relatifs  h  la  radiophonie.  Permettez  moi  de 
m*excuser  d'avoir  pris  ce  mot  que  j  ai  propose  il  y  a  quelque  temps, 
et  que  je  ne  me  serais  pas  permis  de  mettre  en  t6te  de  cette 
conference,  s'il  n'avait  ete  accepte  par  les  principales  personnes 
qui  se  sont  occupees  de  ce  sujet ;  en  particulier  et  tout  d'abord  par 
les  inventeurs  mSmes,  MM.  G.  Bell  et  Tainter,  et  ensuite,  par 
M.  Preece,  autrefois  President  de  cette  Societe. 

Disposant  de  tres  peu  de  temps,  et  ne  voulant  pas  abuser  de 
celui  qui  m*est  accorde,  il  m'a  paru  impossible  de  traitor  ce  sujet 
en  le  developpant  hi8toriquement,'ce  serait  trop  long;  il  me  suffira 
de  dire  que  les  faits  dont  je  vais  parlor,  en  les  resumant,  resultent 
des  travaux  qui  ont  ete  faits  simultanement  ou  presque  simultan^. 
ment  dans  plusieurs  pays.  Je  citerai  parmi  les  principaux  de  ces 
travaux : — 
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Ed  Ameriqae,  cenx  de  G.  Bell  et  Tainter,  qui  ont  crce,  on 
pent  le  dirO)  cette  nouvelle  brancbe  de  la  physique ; 

En  Angleierre,  ceux  de  MM.  Tyndall,  Freecey  Sylvanos 
Thompson,  Moser,  etc. ; 

En  Danemark,  ceuz  de  M.  Rongten ; 

En  Suisse,  ceux  de  M.  Henri  Dnfour. 

J'ajonterai  h  cette  liste,  si  vous  voulez  me  le  permettre. 

En  France,  les  quelques  travaux  que  j*ai  pu  effectuer  moi 
mdme. 

Depuis  environ  une  annee,  il  s*est  accumule  un  nombre  de  fails 
assez  grand  pour  qu'on  puisse  essayer  d^s  h  pr^nt,  k  ce  qu'il  me 
semble,  d'en  faire  une  classification  au  moins  provisoire. 

J'ai  essaye  d'indiquer  cette  classification  sur  ce  tableau,  et  je 
vais  en  donner  les  bases.     D'abord,  la  definition  du  mot  lui  mime. 


'Direct© 


I 


Classification  des  Phenomenes  Radiophoniques. 

Tliermophones  :  air  et  gaz,  yapeurs. 

peroxide  d*Azote,  vapears 


/'Therinique 
J  Luminense 


Photophones  : 
d'lode 


Actiniqae 
fThermique 

^Indirecte    .^Luminense 


f  Electrique ... 
rElectrique  ... 


Photophones  electriques  ;  se- 
Jenium,  alliages  de  selenium 
et  tellare  :  uoir  de  fom^ 


Actinlque 


C  Electrique . 


Si  on  veut  definir  scientifiquement  et  aussi  brievement  que 
possible  le  mot  "  Radiophonie,"  on  peut  dire,  que  ce  mot  comprend 
les  phenomenes  relatifs  h,  la  transformation  d'energie  radiante  en 
^nergie  m&anique  sous  forme  sonore.  C'est  je  crois  la  definition 
la  plus  brSve  qu'on  puisse  en  donner,  mais  il  faut  Texpliquer.  A 
cet  effet,  si  Ton  considere  ce  qu'on  appelle  habituellement  une 
source  lumineuse,  cette  source,  qu'on  devrait  appeler  d'une 
manicure  plus  p;enerale  une  source  radiante,  est  generalement  tres 
complexe :  elle  est  formee  ordinairement  d'une  infinite  de 
radiations,  dont  les  unes  sont  colorees  et  yisibles  pour  I'cfiil, 
exergant  une  certaine  action  sur  la  retine,  et  dont  les  autres  ne 
sont  pas  colorees,  mais  n'en  existent  pas  moins. 

(On  projete  un  spectre  sur  un  ecran.) 
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II  y  a  (je  rappelle  ce  fait  bien  connu)  k  gauche  du  spectre 
d'ane  source  des  radiations  invisibles  qui  ont  des  proprietes  toutes 
speciales,  il  y  en  a  ^  droite  egalement.  Cbacune  de  ces  radiations 
▼isibles  on  invisibles  (je  le  rappelle  rapidement)  poss^e  trois 
proprietes  principales :  elle  est  chaude,  elle  est  lumineuse  et  elle 
peat  produire  des  effets  chimiques  ou  actiniques. 

Cbacune  de  ces  radiations  visibles  ou  invisibles  est  donee  de 
ces  proprietes ;  mais  il  est  certain  que  les  effets  thermiques  sent 
concentres  dans  les  radiations  qui  avoisinent  le  rouge,  et  princi- 
palement  dans  les  radiations  invisibles  au  del^  du  rouge. 

Tout  le  monde  sait  qu'un  thermometra  promene  le  long  de  ce 
spectre  donne  un  maximum  dans  le  partie  invisible,  ^  peu  pr^s  k 
I'endroit  que  j'indique  ;  d'autre  part,  les  radiations  visibles 
prodoisent  leur  effet  sur  la  retine,  avec  un  maximum  qui  est  dans 
les  environs  de  I'orange. 

Les  radiations  violettes  et  ultra-violettes  produisent  principale- 
ment  des  effets  chiminiques  ou  actiniques  avec  un  maximum  qui 
se  trouve  dans  le  spectre  invisible ;  de  telle  sorte  qu'on  pent 
adopter  au  moins  provisoirement  la  classification  sulvante. 

Si  un  effet  quel  qu'il  soit,  je  ne  le  definis  pas  davantage  pour  le 
moment,  est  produit  principalement  par  les  radiations  rouges  et 
infrtk-rouges  avec  un  maximum  'i  Tendroit  que  j'ai  fixe  tout  Jl 
rheure,  on  pent  dire  que  cet  effet  est  un  effet  therrmque;  si,  au 
oontraire,  Teffet  auquel  je  fiais  allusion  est  produit  principalement 
par  les  radiations  visibles  avec  un  maximum  aux  environs  de 
Torange  et  du  jaune,  on  pourra  dire  que  c'est  un  effet  lumineux, 
ou  ce  qui  vaudra  mieux  photique,  Enfin,  si  le  phenomene  est 
produit  principalement  par  les  radiations  violettes  ou  ultrk-violettes 
avec  un  maximum  dans  la  region  invisible,  on  pourra  dire  qu'on 
aura  affieiire  ^  un  effet  chimique  ou  a^ctiniqae.  Au  point  de  vue 
qui  nous  occupe,  si  on  pent  produire  de  la  radiophonie  ^  I'aide  dee 
rayons  dits  thermiques,  on  pourrait  appeler  provisoirement 
rinstrument  ou  appareil  qui  produirait  Teffet  radiophonique, 
un  UverrMypkone.  Si  I'appareil  produit  son  effet  dans  les  rayons 
lumineux,  on  pourra  Tappeler  pkotophone.  Enfin,  si  cet  appareil 
produit  ses  effets  radiophoniques  dans  la  partie  actinique  ou 
idiimique,  on  pourra  Pappeler  aetinophone.  * 
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Del^,  la  classification  que  voici.  Mais  cette  classification  ne 
comporte  pas  seulement  les  termes  dont  je  viens  de  parler.  En  eflfet, 
d'apr^s  Texamen  rapide  que  nous  ferons  des  ph^om^nes,  nous 
verrons  que  la  transformation  d'energie  radiante  en  energie  sonore 
qui  constitue  la  radioplionie  pent  s'op^rer  de  deux  mani^res ;  oa 
bien  directement  sans  intermediaire  d'oii  un  premier  genre  de  ph^no- 
m^nes  et  d'appareils  qu'on  pent  appeler  radiophones  directs. 
Mais  il  y  a  aussi  des  appareils  qui  produisent  la  radiophonie 
imdirectement^  avec  la  n^essite  d*intermediaires.  Ces  inter, 
mediaires,  on  pent  concevoir  qu'ils  soient  variables,  mais  actuelle. 
ment  on  n'en  connait  qu'un,  c'est  Tenergie  electrique. 

On  connait  des  appareils,  des  instruments  qui  transforment 
r^nergie  radiante  en  Anergic  sonore  par  I'interm^diaire  de  Tenergie 
^ectrique,  d'un  courant  electrique.  H  est  possible  qu'on  d^ouvre 
plus  tard  d'autres  agents  intermediaires ;  mais  pour  le  moment  on 
ne  connait  que  celui-1^.  D'ailleurs  cette  radiophonie  indirecte  pent 
Stre  thermique,  photique  ou  actinique  comme  la  radiophonie 
directe. 

Si  nous  examinons  la  classification  inscrite  sur  le  tableau  nous 
pouvons  faire  les  remarques  suivantes. 

Dans  la  radiophonie  directe,  nous  connaissons  dej^  des 
instruments  produisant  la  radiophonie  thermique,  ou  des  thermo- 
phones,  ce  sont  Tair  et  les  gaz. 

Nous  connaissons  des  radiophones  lumineux  ou  des  photophones 
directs.  MM.  Bell  et  Tainter  out  cite  dans  leurs  m^moires  le 
peroxyde  d'azote  et  la  vapeur  d'iode  (je  reviendrai  sur  ce  point 
tout  ik  rheure) ;  mais  nous  ne  connaissons  pas  encore  de  radio- 
phones actiniques  ou  des  actinophcmes ;  j'ai  quelques  raisons  de 
croire  qu'il  pent  en  exister;  j'ai  fait  quelques  experiences  h  ce 
sujet ;  mais  elles  ne  sont  pas  encore  assez  precises  pour  que  je 
puisse  rien  affirmer. 

Quant  ^  la  radiophonie  indirecte,  nous  ne  connaissons  pas 
encore  de  radiophones  thermiques  indirects;  mais  il  existe  des 
radiophones  lumineux,  des  photophones  indirects,  ce  sont  les  photo- 
phones  decouverts  par  M.  G.  Bell,  des  photophones  h  selenium, 
auxquels  on  a  joint  maintenant  des  photophones  &  alliages  de 
s^enium  et  tellure,  et,  enfin,  des  photophones  h  noir  de  famee :  ce 
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sont  les  seuls  qu'on  connaisse  actuellement.  Quant  h  la  radio* 
phoDie  indirecte  actinique,  on  n'en  connait  pas  encQre  d*ezemple. 
Tons  Toyez  par  consequent  que  ce  tableau  presente  d'assez  grandes 
lacunes;  il  appartiendra  aux  physiciens  qui  voudront  ^tudier  ce 
sujet  de  le  completer,  mais  je  ne  puis  parler,  pour  le  moment,  que 
des  choses  qui  sont  connues,  et  je  laisserai  m^me  de  c6te  les  faits 
douteux  en  les  indiquant  simplement.  Je  prends  done  pour  base 
cette  classificration,  et  je  vais  indiquer  d'abord  les  faits ;  ensuite, 
en  quelques  mots,  autant  du  moins  que  je  puis  le  connaitre>  le 
mecanisme  des  transformations ;  et,  en  troisi^me  lieu,  si  le  temps 
le  permet,  quelques  applications. 

D*abord  les  faits.  Je  considere,  en  premier  lieu,  la  radiophonie 
directs  et  en  particulier  la  thermophonie  directe. 

H  faut  divers  appareils  pour  la  realiser;  il  faut  prendre 
d'abord  une  source  radiante,  lumineuse  si  vous  voulez,  et  il  faut 
interrompre  les  radiations,  les  rendres  intermittents. 

Parmi  les  appareils  interrupteurs  qu'on  *peut  employer,  Tun 
des  plus  simples  est  celui  que  vous  avez  sous  les  yeux ;  c'est  tout 
simplement  une  roue  en  verre,  sur  la  quelle  on  a  coUe  une 
bande  de  papier,  dans  laquelle  on  a  decoupe  avec  un  emporte- 
piece,  des  ouvertures.  On  pent  faire  plusieurs  series  d'ouvertures. 
Ici  il  y  en  a  quatre,  comprenant  40,  50,  60,  et  80  ouvertures :  c'est 
dans  le  but  de  pouvoir  obtenir  des  sons  formant  un  accord  parfait 
majeur :  on  pourrait  adopter  tout  autre  mode  de  division,  bien 
entendu.  Cette  roue  qui  est  mise  en  mouvement  par  un  moteur 
quelconque,  soit  h  I'aide  d'une  manivelle  et  d'une  corde,  soit 
comme  nous  le  faisons  ici,  dans  le  pavilion  des  postes  et  tele, 
graphes,  avec  une  turbine  de  M.  Humblot,  soit  par  tout  autre 
moyen. 

Lorsqu'on  la  met  en  mouvement,  tantfit  les  radiations  passent 
k  travers  les  ouvertures,  tantot  elles  sont  arretees  par  Tintervalle 
opaque  qui  les  separe,  par  cons^uent  en  faisant  tourner  la  roue 
plus  ou  moins  vite,  nous  avons  une  serie  d'intermittences  dont  le 
nombre  varie  avec  la  vitesse.  Si,  par  exemple,  nous  avons  80 
ouvertures,  et  si  nous  donnons  un  tour  par  seconde  ^  la  roue,  nous 
anions  80  emissions  de  lumi^re  et  80  interruptions. 

Maintenant  il  s'agit  de  re^evoir  ces  radiations  intermittents  sur 
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un  appareil  qui  permette  de  produire  les  sons.  Or  il  est  extr£- 
mement  simple  de  construire  Tappareil  qui  peut  realiser  un  ther- 
mophone.  II  y  en  a  de  plusieurs  formes,  je  vais  tous  indiquer  la 
plus  simple,  qui  me  parait  consister  dans  un  simple  tube  en  verre, 
un  tube  h  essais  de  chimie  ordinaire,  dans  lequel  on  renferme  un 
gaz.  Ce  gaz  peut  etre  Tair,  Tacide  carbonique,  le  protoxyde 
d'azote,  peu  importe.  En  mettant  k  Textremite  de  ce  tube,  un 
tuyau  en  caoutchouc  et  un  comet  acoustiqne,  il  suffit  de  le  placer 
derriere  le  faisceau  lumineux  intermittent,  d'ecouter,  et  on  entend 
alors  des  sons  dont  la  hauteur  est  en  rapport  avec  le  nombre  dee 
ouvertures  qui  passent  dans  un  plan  vertical  par  seconde. 

Mais  si  on  veut  obtenir  des  effets  suffisamment  energiques,  un 
appareil  ainsi  constniit  donne  des  resuhats  assez  faibles :  en  par. 
ticulier,  si  on  se  contente  de  prendre  un  tube  h  air,  11  faut  conserver 
le  silence  le  plus  profond,  et  employer  des  sources  energiques  pour 
obtenir  des  effets  sonores  sufi&sants.  Heureusement  il  est  tr^ 
facile  de  renforcer  les  sons  ainsi  produits  par  les  gaz  (je  dis  les  gaz, 
je  puis  ajouter  les  vapeurs  qui  produisent  les  m^mes  eflfets)  :  pour 
obtenir  ce  renforcement,  il  suflSt  de  placer  ^  Tint^rieur  de  ce 
tube  une  substance  susceptible  d'absorber  energiquement  les  gaz 
et  les  radiations  thermiques.  Parmi  ces  substances,  on  peut  citer 
le  noir  de  fumee,  Tencre  de  Chine,  le  bitume  de  Judde,  le  noir  de 
platine  et  quelques  autres.  Pour  ajouter,  par  exemple,  ce  noir  de 
fum^,  un  des  moyens  les  plus  simples  consiste  h  prendre  une 
substance  on  peut  dire  quelconque,  un  morceau  de  clinquant  de 
cuivre,  un  morceau  de  carton,  du  papier,  n'importe  quoi,  pourvu 
qu'on  puisse  Tenfumer ;  et  pour  faire  Tappareil  (permettez  moi ' 
de  le  constiuire  sous  vos  yeux),  il  suffit  de  passer  ce  morceau  de 
clinquant  sur  une  flamme  fumeuse,  sur  une  flamme  de  lampe  h 
huile,  ou  ce  qui  est  encore  plus  simple,  sur  la  flamme  d'un  morceau 
de  camphre  allume;  on  enfume  le  clinquant  des  2  c6t^  on 
Tenfonce  dans  le  tube,  on  y  adapte  un  tube  en  caoutchouc,  et 
I'appareD  est  fait. 

Vous  le  voyez,  cela  n'oflfre  aucune  difficulte.  Eh  bien,  si  on 
compare  les  effets  produits  par  Tair  seul  avec  les  effets  produits 
par  Tair  qui  se  trouve  ainsi  en  contact  avec  le  noir  de  fum^e,  il  y 
a  une  difference  d* intensity  considerable  que  je  ne  puis  pas  evaluer 
exactement,  mais  qui  est  au  moins  20  fois  plus  grande. 
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Maintenant,  il  s'agit  de  demontrer  que  cet  appareil  est  an 
ihermophone  confonn^ment  h,  men  affirmation.  Ponr  le  demon- 
trer,  rezp^rience  est  assez  simple,  il  suffit  de  faire  passer  h  travers 
la  roue  radiophonique  une  radiation^  et  puis,  avec  im  prisme  &  la 
mani^re  ordinaire,  de  produire  le  spectre  de  la  radiation  et  de 
r^taler. 

Bien  entendu,  il  faut  limiter  la  lumiere  par  une  feute,  ce  qui, 
malbeureusement,  fait  perdre  beaucoup  de  lumiere  et  diminue 
beaucoup  Tintensite  du  faisceau  ;  il  en  r^sulte  que  ces  experiences 
Ik  ne  pen  vent  etre  faites  que  dans  un  laboratoire  tres  calme,  et 
dans  Tobscurite,  autant  que  possible.  II  suffit  alors  de  promener  le 
tube  le  long  du  spectre,  en  faisant  mouvoir  la  roue.  Mais  pour 
que  Inexperience  puisse  etre  faite  avec  beaucoup  de  precision,  on 
peat  remarquer  qu*il  n'est  pa<;  n^^cessaire  de  prendre  des  tubes  de 
grand  diamdtre^  c*est  absolument  inutile ;  un  simple  tube  comme 
oelui  que  je  montre  ici,  lequel  a  h  peu  pi^  deux  millimetres  de 
diam^tre,  suffit  parfaitement  II  y  a  Ik  dedans  un  petit  morceau 
de  clinquant  enfume,  et  cet  appareil  pent  £tre  consider^  comme 
tout  k  fait  analogue  h  un  element  de  pile  thermo-electrique  lineaire, 
car  on  pent  le  promener  le  long  du  spectre,  de  fa^on  h  n'occuper 
que  0'002m.  Eh  bien,  si  on  fait  cette  experience,  de  fa9on  k  avoir 
le  comet  acoustique  k  ToreiUe,  voici  ce  que  Pon  constate.  Dans 
la  partie  ultra. violette  on  n*entend  absolument  rien  ;  il  en  est  de 
mSme  pour  le  violet,  le  bleu,  le  vert,  et  le  jaune  (au  moins,  je  fais 
cette  restriction,  avec  le  soleil  de  Paris,  nous  alloos  voir  tout  k 
Theure  ce  qui  se  passe  avec  le  soleil  de  Wasbington).  Avec  le 
soleil  de  Paris,  ou  avec  la  source  electrique  lumineuse  la  plus 
intense  dont  j'ai  pu  me  servir,  on  ne  commence  k  entendre  un  effet 
qu'k  la  limite  de  Torange  et  du  jaune,  c'est-k-dire,  k  peu  pres  k 
Tendroit  oil  commencent  precisement  les  effets  tbermiques  du 
spectre.  L*intensite  sonore  augmente  au  fur  et  k  mesure  qu*on 
arrive  dans  le  rouge ;  dans  le  rouge  invisible,  elle  augmente  encore, 
et  Ton  arrive  k  un  maximum.  Or,  si  on  note  Tendroit  ok  se 
produit  ce  maximum,  ou  trouve  qu*il  coincide  avec.  I'endroit  oii 
Ton  obtient  le  maximum  d'efifet  avec  un  pile  thermo-electrique. 
Si  on  continue  de  faire  mouvoir  Pinstrument,  Peffet  decroit  et  il 
decroit  precisement  comme  I'effet  thermique. 
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On  peut  done  dej^  conclure,  messieurs,  de  cette  experience,  qn'il 
est  infiniment  probable  qu'on  ^  1^  un  appareil  thermophonique ; 
mais  on  peut  aller  plus  loin,  on  peut  faire  une  experience  extrS. 
mement  simple  qui  demontre  le  fait,  je  crois,  jusqu'^  Teyidence. 
Cette  experience  consiste  ^  produire  avec  ces  appareils,  un  effet 
veritablement  intense  avec  des  radiations  chaudes  tout  h.  fait 
invisibles. 

A  cet  effet,  on  prend,  par  exemple,  un  disque  de  cuivre  qu*on 
peut  placer  devant  la  roue  toumante,  pour  remplacer  la  source 
lumineuse ;  on  chauffe  cette  plaque  de  cuivre,  par  exemple,  avec 
un  bee  de  Bunsen  ou  avec  un  chalumeau  oxhydrique,  jusqu*^  ce 
qu'elle  commence  k  6tre  rouge  dans  Tobscurite*  Alors,  on  entend 
des  sons  tr^s  intenses ;  on  eteint  la  source  calorifique,  la  plaque  se 
refroidit,  et  elle  linit  par  devenir  presque  immediatement  invisible 
dans  Tobscurite.  Eh  bien,  on  continue  h,  entendre  les  sons  avec  la 
mSme  intensite.  Far  consequent,  une  plaque  chauffee  h,  300^,  qui 
est  parfaitement  invisible  dans  Tobscurite  la  plus  complete,  donne 
des  radiations  que  produisent  sur  les  appareils  que  je  viens 
d'indiquer  des  sons  intenses. 

Je  crois  done  que  ces  experiences  suflBsent  pour  prouver  qu'on 
a  bien  affaire  dans  im  instrument  de  ce  genre  ^  un  veritable 
thermophone. 

Maintenant,  messieurs,  je  passe  des  thermophones  directs  aux 
photophones.  MM.  Bell  et  Tainter,  dans  le  belles  etudes  qu'ils 
ont  faites  sur  la  serie  des  gaz  et  des  vapeurs  qui  produisent  les 
effets  radiophoniques  ont  cite  dans  leurs  memoires  deux  gaz  qui^ 
soumis  h,  Texperienoe  dont  je  viens  de  parler,  avec  im  appareil 
analogue  h  celui-l^,  ne  sont  par  sensibles  aux  m^mes  radiations* 
Par  exemple,  le  peroxyde  d'azote  donne  des  effets  sonores  dans  les 
radiations  lumi/aeusea  avec  un  maximum  dans  le  bleu,  et  la  vapeur 
d'iode  donne  des  effets  sonores  dans  les  radiations  visibles,  avec  im 
maximum  dans  le  vert.  MM.  Bell  et  Tainter  ont  cite  aussi  quel- 
ques  autres  gaz,  mais,  cependant,  en  emettant  des  doutes,  de  sorte 
que  pour  le  moment,  en  fait  de  photophones  directs,  on  n'est  par. 
faitement  certain  que  de  ces  deux  gaz  :  le  peroxyde  d'azote  et  la 
vapeur  d'iode,  mais  il  est  possible,  il  est  probable  m^me  qu'on  en 
trouvera  d'autres. 
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Enfin,  comme  je  Tai  d^j^  fait  remarqaer  il  n'y  a  pas  d'aotino- 
phones  diiects  pour  le  moment. 

Avant  de  passer  &  la  radiophonie  indirecte,  je  dois  &ire 
remarquer  que  le  tableau  des  tbermophones,  photophones,  et 
actinophones  directs  ne  comprend  que  des  gaz  ou  des  yapeurs; 
il  n'y  a  ni  corps  liquides^  ni  corps  solides,  je  n'ai  pas  cru  devoir 
mettre  les  corps  liquides  dans  ce  tableau  et  voici  pourquoL 

Lorsqu'on  veut  faire  I'experience  sur  les  corps  liquides  (pro- 
jection d'un  tube),  on  peut  s'y  prendre  de  la  mani^re  suivante; 
on  peut  prendre  comme  I'indique  cette  projection,  un  tube  comme 
celui-ci,  muni  de  son  tube  en  caoutchouc  et  du  comet  acoustique; 
on  peut  verser  h,  la  partie  .inferieure  un  liquide,  de  sorte  qu'en 
chaufiGuit  Increment  si  c'est  n^essaire,  on  a  &  la  partie  inferieure 
une  oouche  liquide ;  an  dessus,  la  vapeur  de  ce  liquide  melang^ 
plus  ou  moins  avec  de  Pair ;  puis  on  peut,  dans  la  partie  superieure, 
mettre  sur  le  bord  du  tube  une  morceau  de  clinquant  enfume. 

On  peut  exposer  la  partie  inferieure  aux  radiations  du  soleil 
ou  d'une  source  electrique ;  puis,  en  faisant  glisser  le  tube>  on 
peut  7  exposer  la  vapeur  et  puis  enfin  la  vapeur  avec  une  couche 
de  noir  de  fumee  derri^re  elle. 

Eh  bien,  si  on  emploie  la  lumi^re  electrique,  on  ne  parvient 
pas  ^  obtenir  des  effets  sensibles  dans  les  liquides,  du  moins 
IL  Tyndall  n'a  jamais  pu  en  obtenir,  moi  m6me  j'ai  essay^  avec 
du  soleil,  mais,  je  le  repete  avec  le  soleil  de  Paris,  je  n'ai  jamais  pu 
obtenir  aucun  effet  dans  aucun  liquide. 

MM.  Bell  et  Tainter  dans  leurs  m6moire%  citent  un  certain 
nombre  de  liquides,  mais  avec  la  plupart  d'entre  eux  lis  n'ont 
pu  obtenir  d'eflfets :  cependant,  ils  citent  en  particulier  Tether 
sulfurique  comme  un  liquide  donnant  (sous  I'influence  des  radiations 
du  soleil  de  Washington,  c'est.^.dire,  dans  ime  radiation  extreme, 
ment  ^nergique  dont  nous  ne  jouissons  jamais  ici  malheureuse- 
ment),  des  e£fets  excessivement  faibles,  mais  distincts.  Des-lors, 
messieurs,  du  moment  qu'il  est  absolument  necessaire  d'avoir  une 
radiation  aussi  energique  que  celle  que  citent  MM.  Bell  et  Tainter 
et  qu'on  n'atteint  avec  cette  radiation  que  des  effets  extrfimement 
faibles,  il  nous  semble  qu'il  reste  certains  doutes  sur  les  r^ultats. 
RemarqueZi  d'ailleurs,  que  lorsqu'on  soumet  un  liquide  comme 
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r^h€^  solfariqueaux  radiations  tr^s  intenses  da  soleil,  il  est  cer. 
tain  qu'une  portion  de  I'^tber,  lequel  boat  vera  35^  se  vapodse  de 
fiorte  qa'il  peat  y  avoir  entre  le  tabe  et  le  liqaide  one  ooache  de 
gaz,  et  il  serait  fort  possiUe  qne  oe  fftt  cette  couohe  de  gaz  qui 
donnftt  les  sous  extr^ement  faibles  qa'on  obtient  dans  ce  cas  Ik 
Qaoiqa'il  en  soit  la  question  m*a  paru  assez  douteuse  poor  que  je 
ne  croie  pas  qa'on  puisse, — k  moins  d'experiences  plus  coneluaaies 
et  plus  noayelles, — placer  les  liquides  dans  oette  categorie. 

Quant  aux  corps  solides,  il  est  certain  que  lorsqu'oa  expose  im 
corps  solide  k  des  radiations,  on  obtient  des  effets  sonores.  Mais 
quelle  est  le  cause  de  ces  effets  1  Id  il  s*est  elev^  une  discussion 
entre  M.  Preece  et  IL  Bell.  M.  Bell  affirmait  que  lorsqu'un  corps 
solide  est  soumis  aux  radiations,  il  vibre  par  lui  mkae.  M.  Rpeeoe 
qui,  je  CToiBf  est  encore  dims  le  mSme  ordre  d'id^es,  pensait  que  ces 
effets  ^taient  d As  k  la  couche  de  gaz  qui  est  en  contact  avec  le  corps 
solide,  ainsi  que  je  TavaiB  indiqu^  d^  le  mois  de  D^embre,  1880* 

Je  ne  puis  pas,  malheureusement,  le  temps  dont  je  dispose  ne 
me  le  permet  pas,  donner  des  details  sur  cette  discussion  tr^  m* 
t^ressante,  mats  comme  j'ai  fait  des  experiences  nombreuses  h  ce 
sujet,  je  crois  que  lorsqu'un  corps  solide  est  soumis  &  une  radiation 
intermittente,  si  ce  corps  vibre  par  lui  m6me  conform^ent  k*  une 
theorie  qui  a  ^t^  ^mise  par  lord  Raleigh,  la  vibration  est  infiniment 
petite  par  rapport  k  celle  qui  est  due  aux  gaz  en  contact  avec  le 
corps ;  de  telle  sorte  que  dans  Teffet  sonore  produit,  il  pent  7  avoir 
une  portion  qui  est  due  au  corps  solide,  mais  cette  portion  est  in. 
finiment  petite  eu  ^gard  k  Tautre. 

Done,  dans  I'^tat,  la  question  reste  au  moins  douteuse,  et  c'est 
pour  cela  que  je  n'ai  pas  mis  les  corps  solides  dans  cette  dassifioa- 
tion,  qid  du  reste,  comme  je  Tai  dej^  dit,  est  absolument  provisoire. 

Cela  pose,  je  passe  aux  instruments  produisant  la  radiophonie 
indirecte.  Comme  vouq  le  voye^,  nous  n'avons  pas  encore  des 
radiophones  indirects  thermiques,  nous  n'en  cannaissofie  pas ;  mais 
nous  connaissons  des  radiophones  indirects  lumineux,  dee  photo^ 
phones  pioduisant  la  transformation  d'^nergie  radiante  en  eneigie 
sonore  par  Tintermediaire  d'un  courant  electrique.  Pour  prodpire 
cet  effet,  le  premier  qui  ait  ete  decouvert  par  MM.  0.  Bell  et 
Tainter,  Vappareil  est  extrfimement  simple :  il  suffit  de  pre&dm 
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oiMiime  transmetteur  la  roue  ordinaire,  la  roae  radiophonique, 
el  comme  recepteur  plusieurs  corps,  et  d'abord  le  selaiium. 

La  sensibilite  du  selenium  sous  rinfluence  des  rayons  lumineux 
a  6t6  decouverte  par  M.  Willoughby  Smith,  etudi^e  par  lui  et  puis, 
par  pluaeurs  autres  observateurs,  Mti.  le  professeur  Adams, 
Sale,  lord  BoBse,  W.  Siemens  <}ui  a  jete  beaucoup  de  lumiere  sur 
cetie  question,  et,  enfin,  dans  ces  derniers  temps,  par  M.  Bell  qui  a 
trouve  moyen  de  constater  la  sensibilite  du  selenium  sous  Tinfluence 
de  Tenergie  radiante  (je  laisse  le  terme  vague)  en  rendant  les 
radiations  intermittentes,  et  en  substituant  h  I'emploi  da  galvano. 
m^tre  comme  moyen  d'etude  Temploi  du  telephone. 

Si  Ton  prend  un  r^pteur  k  selenium  que  je  vais  decrire  tout 
h  rheure,  et  si  on  le  place  derri^re  ime  radiation  intermittente 
produite  par  cette  roue ;  si  on  met  cette  plaque  de  selenium  dans 
le  circuit  d'une  pile  et  qu'on  intercale  dans  ce  circuit  un  telephone, 
toutes  les  fois  que  les  radiations  lumineuses  tombent  sur  le 
s^enium  il  se  produit  im  effet  sur  le  mecanism'e  duquel  je 
reviendrai  tout  ^  Theure  si  le  temps  me  le  permet, — qui  n'est  pas 
encore  tr^  connue,— *-mais,  enfin,  en  vertu  duquel  les  choses  se  pas- 
sent  comme  si  I'intensit^  du  courant  variait.  II  en  resulte  dans  le 
telephone  des  rariations  correspondantes,  et  le  telephone  reproduit 
les  sons  comme  le  faisait  tout  ik  Theure  le  tbermophone.  Ainsi,  une 
radiation,  une  roue  toumante,  un  recepteur  en  selenium  que  je 
▼ais  indiquer,  an  courant  ^lectrique  dans  lequel  se  trouve  un  pile 
et  un  t^^phone,  voilk  I'appareil  qui  constitue  le  photophone  ii 
selenium. 

n  y  a,  messieurs,  plusieurs  formes  de  ces  recepteurs :  celle  qu'a 
decrite  M.  Bell  est  un  peu  compliqu^.  A  I'ecole  superieure  de 
tel%raphie,  nous  employons  pour  ces  Etudes  des  recepteurs  qui 
sent  plus  simples  que  ceux  qui  ont  ete  indiqu^  d'abord,  plus  faciles 
^  construire,  et  surtout  tr^s  faciles  h  reparer  lorsqu'ils  viennent  ^ 
se  deteriorer.  On  va  projeter  sur  le  tableau  Timage  d'un  de  ces 
r^pteurs. 

(On  projete  le  dessin  d'un  recepteur.) 

Comme  on  le  voit,  ce  recepteur  se  compose  de  deux  tiges  en 
cuivre  reliees  Pune  ^  Pautre  par  deux  vis  isol^es  par  un  cylindre 
d'ivoire  et  d'un  bloc  de  metal  et  de  papier. 
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Pour  le  former,  on  prend  deux  lames  de  clinquant  de  mati^res 
diverses  qu'on  enroule  en  les  separant  par  du  papier  parchemin 
qui  les  isole,  de  telle  maniere  que  les  lames  ne  communiquent 
qu'avec  les  tiges  exterieures. 

Lorsqu'on  a  enroule  ainsi  cet  appareil  sur  lui  m£me,  ou  le  met 
dans  un  etau,  on  lime  avec  beaueoup  de  soin  les  2  surfaces,  en 
s'assurant  qu'il  n*y  a  pas  de  communication  entre  les  spires  pro. 
duite  par  des  grains  de  limaille.  On  e£fectue  ensuite  le  seleniage. 
A  cet  effet,  on  place  le  r^epteur  sur  une  plaque  de  cuivre,  on  la 
chaufife  soit  avec  un  lampe  h  alcool  soit  avec  un  bee  Bunsen ;  puis, 
on  prend  un  crayon  de  selenium  sous  la  forme  oil  on  le  trouve  dans 
le  commerce,  c'est-^-dire,  sous  la  forme  de  cylindre  et  on  Pappuie 
sur  I'appareil.  Lorsqu'on  a  attaint  la  temperature  d'environ 
217^  le  selenium  commence  h  fondre :  ^  partir  de  ce  moment  Ik 
il  suffit  de  le  promener  8  ou  10  fois  h  la  surface  de  Tappareil, 
d'eteindre  la  flamme,  et  de  laisser  refroidir.  L'appareil  se  trouve 
ainsi  termine,  Tune  des  surfaces  se  trouve  recouverte  dW  couche 
de  selenium  excessivement  mince,  et  cette  operation  tr^  simple 
suffit  pour  constituer  le  photophone.  Maintenant,  si  on  veut 
conserver  cette  couche  et  la  mettre  h,  I'abri  des  accidents,  ou  pent 
la  vemir  k  la  gomme  laque  de  fa^on  k  conserver  Tisolement  de  la 
seconde  face  et  de  conserver  intacte  la  surface  en  selenium. 

Je  dois  dire  que  quant  k  la  nature  du  metal  qui  constitue 
comme  les  armatures  de  cette  sorte  de  condensateur,  beaucoup  de 
metaux  donnent  de  tres  bons  effets.  Je  citerai  le  laiton,  le  cuivre 
rouge>  le  fer  et  le  platine  qui  donnent  des  efifets  excellents ;  avec 
I'argent,  il  ne  m'a  pas  ete  possible  de  constituer  une  recepteur  h, 
s^enium,  et  je  crois  que  cela  tient  h.  ce  que  I'argent  attaque  ener- 
giquement  le  selenium  et  le  seleniure  d'argent  produit  est  trop 
bon  conducteur  de  Telectricite.  Avec  Taluminium  qui  sendt  tres 
commode  pour  construire  ce  r^epteur,  on  ne  pent  pas  davantage 
avoir  d*efiets,  mais  ici  c'est  par  une  raison  inverse,  cela  tient  k  ce 
que  selenium  n 'adhere  pas  du  tout  h,  la  surface,  sur  laquelle  il  se 
depose  en  gouttes  huileuses :  mais  enfin  nous  employons  couram. 
ment  la  platine,  le  laiton,  le  cuivre  rouge.  Je  ferai  une  remarque 
sur  ces  appareils.  Suivant  la  maniere  dont  on  les  s^^nie,  suivant 
r^paisseur  de  la  couche  qu'on  met  sur  I'appareil  on  pent  obtenir 
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(et  cela  est  tres  important  pour  les  applications)  dee  resistances 
electriques  de  la  couche  de  selenium  extr^mement  variables ;  on 
pent  obtenir  des  photophones  de  ce  genre  dont  la  resistance  pent 
varier  de  3,000  k  300,000  ohms,  et  qui,  neanmoins,  avec  une  pile 
tr^  faible  de  3,  4,  ou  5  elements  Leclanche  donnent  de  bons  r^. 
sultats,  c'est  une  propriete  qui  pourra  ^ervir  de  base  i  des  appli- 
cations qui  me  paratssent  tres  importantes. 

A  present,  anessieurs,  il  s'agit  de  demon trer  que  cet  instrument 
ainsi  construit  est  bien  un  photophone  et  hon  pas  un  thermophone. 
£h  bien,  pour  le  demontrer,  on  peut  faire  avec  cet  appareil  la 
m£me  experience  que  celle  que  j'ai  indiquee  h,  I'aide  du  petit 
element  thermophonique. 

En  effet,  il  en  facile  de  remarquer— et  ceci  est  encore  tr^s 
important  pour  les  applications — qu'il  n*est  pas  necessaire  d'illu- 
miner  la  surfEtce  enti^re  d'un  element  de  ce  genre  pour  produire 
Teffet  sonore;  il  suffit  d'en  illuminer  un  ou  deux  millimetres 
Carres.  Par  consequent,  on  peut  avec  du  papier,  avec  un  corps 
opaque  recouvrir  presque  compl^tement  la  surface,  de  fa9on  h,  ne 
laisser  libre  qu'une  bande  etroite  de  selenium.  On  peut  promener 
eusuite  cette  baude  de  selenium  le  long  du  spectre  pourvoir  quelles 
sent  les  radiations  qui  agissent.  Lorsqu'on  fait  cette  experience 
voici  ce  que  Ton  constate, — au  moins,  je  fais  toujours  cette  r&erve, 
avec  le  soleil  de  Paris  et  avec  la  lumi^re  electrique  telle  qu'on 
peut  Tobtenir  ici, — on  constate  que  dans  Tultrk-violet  et  le  violet 
on  n'obtient  pas  de  sons  perceptibles :  le  son  commence  ^  la  limite 
da  violet  et  de  Tindigo ;  dans  le  bleu,  il  augmente  d'intensite,  et 
peu  ik  peu  on  arrive  i.  un  maximum  dans  le  jaune  orange.  Puis,  & 
partir  de  Torange,  le  son  decroit  et  termine  avec  le  rouge. 
Je  n'ai  jamais  pu  obtenir,  jusqu'ici,  de  sons  perceptibles  au  delk 
de  la  partie  visible.  II  en  resulterait  alors  que  Tinstrument  est 
un  photophone,  puisque  les  seules  radiations  qui  s^issent  sur  lui 
Bont  des  radiations  lumineuses. 

M.  Bell  a  repris  ces  experiences  et  il  a  constate  une  leg^re 
difference  entre  les  resultats  qu'il  a  obtenus  et  ceux  que  j'indique 
ici,  mais  la  difference  est  extrSmement  faible.  M.  Bell  n'a  fait 
Texperience  qu'avec  le  soleil  intense  de  Washington  qui  est  a  peu 
prfes  analogue  ^  celui  d'Algerie  ou  du  Maroc.    Eh  bien,  avec  ce 
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soleil,  M.  Bell  a  trouve  ^galement  que  rinstrument  n'etait  sensible 
que  dans  les  radiations  lumineuses;  seulement,  oomme  la  source 
avec  lequelle  il  opere  est  plus  intense  que  la  mienne,  il  a  constate 
que  le  maximum  se  d^place  l^g^rement  vers  le  rouge  mais  il  n'a 
pas  obtenu  de  son  dans  le  rouge  invisible,  il  a  constate  en  outro, 
que  les  radiations  actives  s'etendaient  un  peu  dans  le  violet.  II 
n'en  r^sulte  pas  nioins  que  les  deux  genres  d'experiences  sent  coii. 
cordantes  pour  montrer  que  les  radiations  actives,  ici,  sent  les 
cadiations  lumineuses.  Done,  on  a  afibire  ici  ^  un  veritable  photo^ 
phone. 

,  Maintenant,  au  lieu  de  prendre  du  selenium,  on  pent  prendre 
des  alliages  de  selenium  et  de  tellure. 

Je  n*ai  par  experiment^  ces  alliages,  je  ne  peux  done  pas  en 
parler,  mais  on  pent  employer  un  corps  tr^s  singulier ;  le  noir  de 
fumee,  dont  je  parlais  tout  ^  Theure  comme  substances  renfoi^ante 
dans  le  tbermopbone. 

Lorsqu'on  constitue  un  recepteur  photophonique  au  noir  de 
fum^e,  loysqu  on  fait  passer  im  courant  eleetrique  ^  travers  le  noir 
de  fumee,  il  est  sensible  ^  Taction  des  radiations. 

Je  vais  projeter  le  recepteur  au  noir  de  fumee  qui  a  etc 
imagine  par  M.  Bell  (c'est  le  recepteur  primitif),  il  se  oompoee 

(On  projete  Timage  de  ce  recepteur.) 
tout  simplement  d'une  lame  de  verre  argentic,  sur  laquelle  on  a 
enleve,  avec  la  machine  h  divisor  Targent,  de  fa^on  ik  former  des 
zigzags :  il  en  r^ulte  que  la  plaque  se  trouve  divisee  en  deux 
regions,  la  region  de  droite  separ^  compl^tement  de  la  region  de 
gauche. 

Cela  fait,  on  enfume  cet  appareil,  on  le  recouvre  de  noir  de 
fum^e,  et  alors  le  courant  eleetrique  ne  peut  passer  d'une  region  k 
I'autre  qu'on  traversuit  le  noir  de  fumee.  Mais  ces  r^oepteors 
sont  assee  fragiles.  Quand  on  a  ^  sa  disposition  un  r^pteur 
photophonique  comme  celui  que  je  viens  de  decrire,  rien  n*eat  plus 
simple  que  d'en  faire  un  recepteur  h  noir  de  fumee.  H  suffit  de  le 
promener,  tout  simplement,  comme  je  le  &isais  tout  ii  Theure 
pour  le  thermophone,  eur  une  flamme  fumeuse,  de  telle  sorte  qu'on 
peut.dvoir/aivec  cet  appareil.Ui,  d'un  c6te  une  face  seleni^,  et,  de 
Vautre  c6t^,  une  plaque  enfum^e ;  et  alors  en  les  exposant  aux 
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mdiaiions  tantdt  sur  tme  face  et  tant6t  sor  Pautre,  ou  pent-  oom« 
parer  ainsi  trds  facilement  les  effets  du  noir  de  famee  avec  1^  efieto 
&a  delenmm^  £b  bleu,  on  constate  par  ce  moyen,  qae  les  eSeia 
da  noir  de  fume^  sont  tout  ^  fait  analogaes  &  ceax  du  s^lemuin^ 
eeulement  ils  sont  beauconp  moins  intenees,  de  t^e  sorte  q\t^ 
fli  on  a  int^At,  pour  des  applications^  it  se  seryir  de  reoepteunr 
intenseSy  11  faut  employer  le  selenium.  II  n'y  a  pasdeddute'd. 
eet  ^gard. 

Maintenant,  messieurs,  je  passte  ^la  secondepartie  de  ma  t&che^ 
et- je  dirai  un  mot  tr^  court  sur  le  mdcanisme  des  transformatione 
qm  se  produisent,  lorsqu'une  TadiatioH  iniermittente  tombe  sur  Tud 
des  i^ceptenrs  d^crits. 

Ocnnmen^ons  par  les  thermopbones.  Que  se  produit.il  quand 
3d  vibrent  ?  II  me  paraSt  evident  que^  du  moment  que  I'insi^ument 
n'eet  sensible  qu'aux  radiations  tfaermiques,il  est  naturel  d'admettre 
que^  le  gaz  ou  la  ^apeur  se  trouve  ^ohaufife  lorsque  les  radiatioibs 
paaseiit  h  traverd  les  ouvertures  de  la  roue  interruptrioe^  qu'il«e 
rrfroidit  lorsque  les  radiations  «ont  ^teintes,  de  telle  sorte  qu'on 
a  des  alternatives  trk  rapides  d'echauffement  et  de  refroidissemeBt, 
par^consequent  produdtion  de  vibrations  de  la  fa^ofei  bien  comme 
toacoustique. 

Dans  oette  maniirede  voir,  le  noir  de  fum^e et  lessubstandeff 
de  ce  gehre  i^aient  en  condensant  une  couohe  degas  eft  ^n 
abeorbant  Inergiquement  les  radiations  tbermiques  d^  fagon  ^ 
augmenter  seulement  Teffet  produit.  Oette  mani^red'expliquer 
le  pb^nomine,  si  elle  est  vraie,  donne  comme  consequence  qu'uti 
tube  de  cette  nature  ne  doit  pas  differer,  au  fond,  dHm  tvjav 
aonore  ordinaire.  Cost  en  efifet  oe  qui  a  lieu,  et  je  vais  revenir 
sur oe  point  tout  il  Theure.  Mais  auparavant,  je  d^dre  parler 
(je'i^erai  tr^  bref  et  pour  cause)  du  m^canisme  de  la  iransforma«r 
tieiki  qui  (^  produit  dans  le  tBS  du  photopboneik  s^^um  mlinaire. 
Id  plusieurs  opinions  sont  en  pr^ence :  celle  de  Mt  ie  profbsseur 
Adams  qui  adniet  qu'il  se  produit  1^  une  force  Aectro4notrice* 
porticuliire;  celle  de  M.  Siemens  qui  admet  qu'il  se  produit  une> 
t«riation  de  conduotifailite  dans  la  plaque  de  s^i^itim,  ^t,  enfin^* 
ime  troin^me  opinion  qui  a  ^te  enrise  r^cemmant  par  M.  Moser,  etf 
vertu  de  laquelle  la  plaque  agit  par  son  contact  imparfait  avec  les 
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spires  metalliques,  de  telle  sorte  que  Tappareil  oonstituerait  una 
BOrte  de  microphone  lorsqu'il  serait  frapp^  par  les  radiations 
intermittentes.  Je  n'ai  pas  pu  encore  etudier  suffisamment  cette 
question,  par  consequent  je  ne  puis  pas  donner  mon  opinion; 
j'ignore  encore  quelle  est  celle  de  ces  trois  opinions  qui  est  la 
yraie,  ou  bien  si  elles  sent  vraies  toutes  les  trois,  ce  qui  pourrait 
bien  6tre. 

Enfin,  messieurs,  pour  terminer  ce  discours  un  pen  trop  long, 
je  Toudrais  indiquer  tr^s  rapidement  des  applications  que  peuvent 
avoir  les  appareils  de  ce  genre.  Nous  sommes  aujourd'hui  h  une 
^poque  od,  lorsqu'on  presente  un  appareil,  im  instrument,  on 
^prouve  le  besoin  de  dire  :  &  quoi  cela  peut  il  servir  1  et,  dans  les 
experiences  que  nous  faisons,  d'apr^  les  ordres  de  M.  le  Ministre 
des  postes  et  t^legraphes,  dans  le  pavilion  reserve  au  Ministere 
dans  TExpositioUy  chaque  fois  que  nous  montrons  au  public  des 
ph^nom^nes  de  ce  genre,  sur  dnquante  personnes,  il  y  enaquarante- 
huit  qui  disent :  &  quoi  cela  peut.il  servir?  Je  sais  bien  que  des 
questions  de  cette  nature  ne  sent  que  d'ordre  secondaire  pour  une 
assemblee  comme  celle-ci.  Cependant  il  n'en  est  pas  moins  vrai 
que,  si  on  peut  trouver  des  applications  pratiques,  industrielles,  de 
ph^nomenes  qui,  jusqu'ici,  paratssent  renfermes  dans  le  domaine 
scientifique,  c^est  un  avantage  qu'on  est  en  droit  de  rechercher. 
Eh  bien,  je  crois  qu'il  7  a,  d'ores  et  dej^,  plusieurs  applications 
possibles  de  ces  phenom^nes,  et  des  applications  de  divers  genres. 

Permettez  moi  d'abord  de  vous  signaler  une  application 
d'ordre  scientifique,  mais  qui,  cependant,  pourrait  avoir  une 
valeur  pratique:  et  peut-£tre  m^me  &  propos  des  travaux 
qu'efifectuera  la  commission  internationale  des  unites  ^ectriques, 
car  elle  sera  probablement  amenee  &  determiner  I'^uivalent 
mecanique  de  la  chaleur.  Eh  bien,  reprenons  un  tube  thermo- 
phonique.  Je  viens  de  dire  tout  ^  I'heure  que  ce  tube  ne  devait 
pas  di&erer  d'un  tuyau  sonore :  il  ne  doit  y  avoir  entre  eux  qu'une 
seule  difference :  au  lieu  de  percer  une  embouchure,  et  TinsufSer 
dans  le  tube  thermophonique  un  courant  de  gaz  ou  un  courant 
d'air  pour  le  fiEdre  runner,  on  Texpose  simplement  aux  effets  d'une 
radiation  lumineuse.   II  doit  done  se  produire  dans  le  thermophone 
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des  vibrations  analogues  h  celles  qui  se  produisent  dans  un  tuyau 
d*orgue  ordinaire.  Eflfectivement,  avec  un  thermophone,  on  peut 
affirmer  qu'il  est  possible  de  reproduire  toutes  les  experiences  que 
Ton  fait  d'habitude  sur  les  tuyaus  sonores ;  je  vous  citerai  en  parti- 
culier  les  experiences  de  Dulong.  On  peut  disposer  un  long  ap. 
pareil  de  ce  genre,  de  fa^on  h  le  fermer  ^  un  bout  par  une  petite 
lame  de  mica,  h  lui  adapter,  par  exemple,  un  cornet  acoustique 
pour  pouvoir  entendre  les  sons  qui  sent  produits  ^  Tinterieur. 
Quand  on  I'attaque  avec  une  radiation,  on  peut  entendre  les  sons. 

Si  alors  on  y  enfonce  un  piston  muni  d'une  longue  tige,  de 
fa^n  h,  pouvoir  le  promener  le  long  du  tube,  quand  on  produit  les 
sons,  et  qu'on  enfonce  le  piston  dans  le  tube,  il  arrive  un  moment 
oii  les  sons  cessent  completement ;  si  on  continue  h  epfoncer  le 
piston,  les  sons  recommencent  en  augmentant  d'intensite ;  on 
arrive  &  un  maximum  et  puis  on  trouve  un  second  point  oil  le  son 
disparatt.  On  a  done  ainsi  deux  noeuds  et  un  ventre  de  vibration, 
oomme  dans  les  tuyaux  sonores,  et  ils  sont  identiques,  car  si  on 
mesure  la  distance  entre  les  2  nceuds,  on  retrouve  la  demi. 
longueur  d'onde  relative  h  la  propagation  du  son  dans  Pair. 
II  en  resulte  qu'on  peut  determiner  la  vitesse  du  son  h  Taide  de  ce 
tube,  et  comme  il  n'y  a  pas  ici  d^embouchure,  et  par  suite  les 
perturbations  qui  en  resultent,  on  est  en  droit  de  penser  que  les 
experiences  de  Dulong  pour  determiner  la  vitesse  du  son  pourront 
se  faire  dans  un  tuyau  thermophonique  avec  plus  d'exactitude 
qu'avec  les  tuyaux  ordinaires.  On  peut  d'ailleurs  enfermer  dans 
ce  tube  des  gaz  quelconques,  on  peut  les  chauffer  i^  une  tempera. 
tnre  bien  specifiee  et,  par  consequent,  essay  er  de  determiner  ainsi 
la  vitesse  du  son  dans  des  gaz  ou  des  vapours  h  pression  et  ^ 
temperature  variables,  et  comme  Tequivalent  mecanique  de  la 
chaleur  eet  lie  &  cette  question,  il  est  possible  (je  pose  ici  un 
point  d'interrogation) — il  est  possible  qu'un  appareil  de  ce  genre 
puisse  permettre  d'effectuer  cette  determination.  Ceci  consti. 
tuerait  une  application  d'ordre  scientifique. 

En  voici  ime  seconde  d'un  autre  ordre.  Lorsqu'on  examine 
ce  qui  se  passe  avec  des  roues  interruptrices  dont  on  peut  faire* 
varier  la  vitesse,  et  si  Ton  cherche  ^  voir  les  effets  sonores  de 
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diverges  natures  qa*oii  peat  obtenir  avec  un  aj^areil  de  oe 
genre,  on  constate  ceci:  d'abord  en  faisant  CK^ttie  Is  Titesse 
de^  la  roue,  on  peat  obtenir,  soit  avee  le  thermophone,  soit 
avec  le  photophcxie,  des  sons  masicaux  dont  le  nombre  de  vib- 
raliona  peat  yarier  depuis  les  plus  graves  que  Toreille  puisse 
entendre,  jusqu'&  des  sons  dont  le  nombre  des  vibrations 
pent  aller  jusqu'k  4,800  par  seconde,  et  ka  del^.  Kcm- 
seulement  on  pent  obtenir  des  sons  uniques,  mais  encore  des 
aooords.  Ainsi,  avec  la  roue  qui  est  ici,  en  concentrant  les 
rayons  avec  une  lentille  cylindrique,  on  pent  utiliser  simultaDe. 
ment  les  quatre  series  d*ouvertures  qui  sont  Ih  et  obtenir  alors 
dans  le  photophone  ou  le  thermopbone,  des  accords  parfiuts. 
Mais  on  peut  aller  plus  loin ;  on  pent,  avec  un  appareil  de  oe 
genre,  ou  avec  un  appareil  analogue  k  celui-liiy  reproduire  non- 
aeulment  des  sons  et  des  accords  musicaux,  mais  encore  le  chant 
et  la  parole  articulee.  Pour  reproduire  le  chant  (je  vais  en  dire 
on  mot  rapidement  et  rappeler  le  phenom^e)  pour  reproduire  le 
chant  et  la  parole  articulee,  on  peut  employer  un  appareil  de  ce 
genre,  appareil  qui'  a  ete,  du  reste,  je  m'empresse  de  le  dire, 
imaging  h  peu  pres  sous  cette  forme-Id  par  M.  Bell.  On  peut  £aire 
tomber  les  radiations  sur  une  lame  de  verre  argentic,  que  void, 
extrdmement  mince,  qui  a  h  peu  pres  1/10  ou  1/12  de  millimilre 
d'^paiBseiir.  Le  rayon  lumineux  tombant  sur  cette  lame  est  rdfl^hi, 
il  est  concentre  k  Taide  d'une  lentille,  et  on  place  soit  au  foyer 
soit  plutdt  dans  le  plan  oil  se  produit  Timage  de  la  plaqtie,  un 
thermophone  ou  un  photophone. 

Yoici  un  moyen  de  faire  cette  experience  dans  un  laboratoire 
assez  facilement.  Je  suppose  qu*on  puisse  avoir  h  sa  disposition 
un  cabinet  comma  I'indique  ce  dessin.  (On  projete  un  dispositif 
d'exp6rience*)  On  prend  en  main  un  cornet  acoustique  fix^  h  un 
long  tube  de  caoutchouc  qui  peut  avoir  10,  12,  18  metres  de 
longueur :  le  cabinet  etant  ferme,  on  peut  chanter  et  parler  dans 
le  comet,  en  etou£fant  les  sons  si  c'est  necessaire,  h  I'aide  d*iui 
sjst^me  analogue  k  celui  qu'on  emploie  ii  I'exposition  pour  faire 
entendre  des  auditions  telephoniques.  Les  vibrations  du  diant  ou 
de  la  voix  viennent  se  transmettre^  Tappareil  muni  de  ia.lamedff 
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▼erre  argent^  extr^mement  mince  placee  dans  une  autre  chambre^ 
et  SOT  laqndte  on  feit  tombtfr  un  faisoeau  de  rayons  paralldles 
provenant  d'ane  source  de  lumilra  ^ectrique,  oa  bien  dW  rayon 
solaire  an  moyen  d  un  h^iostat. 

Le  faificeau  r^Hechi  n'est  pas  parallMe  parce  que  jamais  dea 
lames  aussi  minces  ne  sent  planes,  elles  sent  tovQours  plus  ou  moins 
courbes.  Maintenant  si  on  diq)08e  d'une  seoonde  chambre  separee 
de  la  premiere  par  une  glace  sans  tain  on  pent  faire  passer  le 
faisceau  lumineux  reflechi  k  travers  oette  glace,  et  le  coneentrer  soit  i 
Paide  d'un  miroir  concave,  soit  k  Taide  d'une  lentille  sur  im 
ihermopbone  ou  un  photophone.  De  cette  mani^re  un  observa- 
tear  pent  chanter  et  parler  dans  le  cornet  acoustique,  il  n'est  pas 
entendu  par  roperateur  qui  ^ute. 

Les  vibrations  de  la  voix  produisent  des  deformations  de  la 
lame  argentee  et  des  variations  oorrespondantes  d'intensite  dans  le 
faisoeau  lumineux  refl^hi,  et  Ton  pent  entendre,  dans  ces  oondi* 
tions  le  chant  ou  la  parole  articulee.  Entendons-nous ;  pour  le 
chant,  il  n*y  a  aucun  doute,  on  entend  parfaitement  le  chant  aveC' 
le  soleil,  avec  la  lumi^ro  electrique  et  meme  avec  la  lumi^re. 
oxhydiique  (je  n'ai  pas  pu  encore  descendre  au  dessoia).  Mais 
quant  h  la  parole  articulee,  la  difiScult^  est  beaucoup  plus  gnmde. 
N^anmoins,  lorsqu'on  pent  se  servir  d'un  rayon  solaire  suffisamment 
intense,  on  obtient  avec  une  nettet^  parfaite,  surtout  avec  un 
ihermophone,  la  reproduction  de  la  parole  articul^,  et  cette 
reproduction  a  cela  de  remarquable  que  le  timbre  n'est  pour  ainsir 
dire  pas  altera,  tandis  que,  dans  les  recepteurs  photophoniques 
ik  s^l^um,  dans  lesquels  on  emploie  comme  intermediaire  le 
telephone,  il  y  a  toujours  une  alteration. 

Eh  bien,  messieurs,  puisqu'on  pent  ainsi  reproduire  avec  les 
plus  grande  facilite  des  e£Eets  musicaux,  on  peut  songer  &  faire> 
des  instruments  de  musique  pratiques  avec  des  appareils  de  ce 
genre.  H  y  a  ioi  un  modMe  d'appareil  qui  constitue  un  veritable 
piano,  im  piano  que  je  pourrais  appeler  radiopfapnique.  En  effet, 
il  y  a  ici  dans  la  roue  interruptrice  quatre  series  d'ouvertures  for« 
DMikt  un  accord  parfait.'  II  y  a  de-plus  (comme  pourront  le  voir 
da  pr^  ies  personnes  qui  voudront,  apr^s  kt  stance,  examiner* 
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Tappareil)  il  y  a  des  tiges  qui  ferment  ces  ouvertares.  Ces  tiges 
sont  mises  en  relation  par  nn  renvoi  de  mouvement  tr^  simple 
avec  des  touches  de  piano,  de  fapon  &  ce  que,  lorsqu'on  abaisse  ce 
syst^me  de  toucbes^  on  laisse  la  lumiere  passer.  Alors,  en  mettant 
la  roue  en  mouvement,  et  en  appuyant  sur  les  touches,  on  pent 
reproduire  ou  bien  les  sons  de  Taccord  parfait,  ou  bien  des  sons 
successifiB  de  cet  accord.  Je  fais  construire  par  M.  A.  Dubosoq 
une  roue  de  ce  genre  qui  aura  21  series  d*ouvertures  de  fa9on  h 
former  une  octave  et  demie  avec  tons  et  demi-tons.  Nous  aurons 
21  tiges  oorrespondant  ^21  touches  de  piano,  et  nous  pourrons,  en 
faisant  toumer  la  roue  et  en  lui  donnant  une  vitesse  constante, 
jouer  avec  cet  instrument,  avec  le  meme  mecanisme  dont  on  8e 
sert  pour  le  piano :  et^  si  la  personne  qui  joue  fixe  ^  son  oreille  le 
tuyau  d'un  long  thermophone,  place  derriere  la  roue  toumante 
^lairee,  elle  pourra  jouer  du  piano,  entendre  ce  qu'elle  fait ;  et, 
bieufait  inestimable  pour  les  voisins!  les  voisins  n*entendront 
absolument  rien.  On  aura  done  constitue  un  piano  silencieux, 
et  ce  sera  un  veritable  service  que  la  radiophonie  pourra  rendre  ^ 
rhumanite. 

n  y  a  d'autres  applications.  Malbeureusement  le  temps  me 
presse ;  je  ne  puis  pas,  comme  je  Taurais  voulu,  vous  indiquer  une 
autre  application  susceptible,  k  ce  que  je  crois,  de  devenir  tr&s 
importante,  une  application  telegraphique.  Je  suis  oblige  de 
reserver  ce  sujet  qu'il  serait  trop  long  de  traitor  en  ce  moment ; 
mais  je  puis  encore  signaler  une  autre  application  des  propriety 
du  selenium,  qui,  je  crois,  sera  indiquee  par  M.  Bidwell  dans  une 
prochaine  stance  de  la  societe,  c'est  la  telephotographie ;  appli. 
cation,  qui,  si  elle  aboutit,  sera  tres  remarquable. 

En  resume,  vous  le  voyez,  messieurs,  nous  avons  1^  des  efifets 
vraiment  extraordinaires,  dont  la  connaissance  est  dAe  aux  efforts 
de  beaucoup  de  travailleurs,  et  qui  constituent  dejd  une  nouvelle 
branche  de  la  physique.  Independamment  de  leur  valeur  theorique, 
il  me  semble  que  j*ai  pu  vous  faire  entrevoir  que  ces  phenom^nes 
peuvent  fitre  susceptibles  d*applications  pratiques. 

II  est  h  remarquer  d'ailleurs  qu'ils  ont  ^t^  trouves  presque 
simultanement  par  des  physiciens  qui  ont  etudie  la  question  an 
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mSme  momenty  et  ind^pendamment  les  uns  des  autres,  dans  toutes 
lea  r^ioDs  du  monde.  C'est  tin  exemple  curieux  du  genre  de 
trayail  qui  sera  pent  Stre  le  seul  possible  dorenavant,  aveo  la  rapidite 
prodigieuse  des  communications :  c*est  aussi  mi  exemple  de  la  con. 
fratemite  scientifique  qui  peut  s'etablir  entre  les  savants  de  dif- 
ferent  pays.  J'ai  dejd  indique  plusieurs  noms  au  d^ut  de  cette 
conference,  mais  je  ne  jaurais  la  terminer,  sans  rappeler  que  si  les 
phenom^nes  radiophoniques  conduisent  ik  des  applications,  et  k  des 
applications  utiles,  il  faut  en  reporter  en  grande  partie  Thonneur  & 
ceux  qui  en  ont  fait  la  d^couverte,  h  MM.  G.  Bell  et  Tainter. 

A  vote  of  thanks  having  been  given  to  M.  Mercadier,  the 
President  announced  that  the  Special  Meeting  was  adjourned  until 
Saturday,  the  24th  September,  at  8.30  p.m.,  and  that  all  present 
were  cordially  invited  to  attend. 
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The  Extraordinary  General  Meeting,  adjourned  from  TbuNday, 
Septembw  22nd,  was  held  on  Saturday,  September  24th,  at 
8.30^  p,m.,  in  the  Electrical  Exhibition,  Palais  de  rindustrie, 
Paris— Professor  G.  C.  FoSTBfi,  F.R.S.,  President^  in  the 
Chair*. 

After  the  Minutes  of  the  last  Meeting  had  been  read  and 
approved, 

The  President  called  upon  Mr.  Shelford  Bidwell  for  his 
paper. 

TELEGRAPHIC  PHOTOGRAPHY. 
By  Shelford  Bidwell,  M.A.  (Associate). 

Mr.  Shelford  Bidwell  :  I  cannot  begin  this  paper  without 
first  expressing  my  extreme  regret  that  I  am  insufficiently 
acquainted  with  French  to  be  able  to  render  it  in  that  language. 
I  will  therefore  ask  the  Honorary  Secretary  (Mr.  Aylmer)  to  give 
a  short  explanation  in  French  of  what  I  am  about  to  say. 

M.  ATLBiER  :  M.  Bidwell  me  prie  de  vous  dire  que  Tappareil 
qu'il  a  pour  but  de  vous  decrire  n'est  que  d'une  nature  tout  il  fut 
exp^rimentale.  Son  objet  est  de  d^montrer  la  possibility  de  trans- 
mettre  Timage  des  objets  naturels  k  une  distance  voulue,  au  moymi 
du  telegraphe,  et  d'indiquer  une  methode  par  laquelle  ce  procede 
pent  ^tre  mis  en  pratique.  Les  images  qui  ont  ^te  jusqu'ii  pr&ent 
transmises  sent  d'un  caractere  rudimentaire,  se  composant  princi- 
palement  de  dessins  simples  en  noir  et  en  blanc,  lesquels  ont  ^te 
produits  par  la  lanteme  magique.  Mais  il  n'y  a  pas  de  doute  que 
ce  precede  est  capable  de  tres  grandes  am^orations,  surtout  quant 
^  la  nature  des  substances  chimiques  employ^  pour  sensibiliser 
le  papier :  par  Tadoption  d'un  systeme  de  d^veloppement  analogue 
h  celui  dont  on  se  sort  dans  la  photographic  ordinaire,  Pappareil 
pent  6tre  rendu  capable  de  telegraphier  i^  une  distance  de  plusieurs 
centaines  de  kilometres  des  reproductions  assez  parfaites  de  pay. 
sages,  et  voire  m£me  des  portraits.  Mais  il  faut  avoir  fait  beau- 
coup  d'experiences  avant  de  pouvoir  atteindre  une  pareille 
perfection. 

Mr.  Shelford  Bidwell,  proceeding :  It  may  be  well  to  state 
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thftt  the  apparatus  which  I  am  about  to  describe  is  merely  of  an 
experimeotal  nature*  My  object  is  to  demonstrate  the  possibility 
of  traBsmitting  pictures  of  natural  objects  to  a  distance  by  means 
of  electricity,  or  by  telegraph,  and  to  indicate  a  method  by  which 
snch  a  result  may  be  practiciJly  accomplished.  Hitherto  the 
pictures  actually  transmitted  by  this  process  have  been  of  a  very 
rudimentary  character,  consisting  mostly  of  simple  designs  in 
Uack  and  white  projected  upon  the  transmitter  by  a  magiclantem. 
But  there  can  be  no  doubt  that  the  process  is  capable  of  very  great 
improvement,  especially  in  regard  to  the  nature  of  the  chemicals 
employed  to  sensitise  the  paper  used. 

The  invention  consists  in  the  application  of  two  natural  facts : 
first,  that  a  colourless  chemical  compound  can  be  decomposed  by 
a  current  of  dectricity  into  two  constituents,  one  of  which  possesses 
oolour ;  and  secondly  (a  fact  discovered  by  Mr.  Willoughby  Smith), 
tiiatthe  resistance  offered  by  a  piece  of  crystalline  selenium  to 
the  passage  through  it  of  a  current  of  electricity  depends  upon  the 
amount  of  light  to  which  the  selenium  is  exposed,  this  resistance 
being  greater  in  the  dark  than  in  the  light. 

The  first  of  these  facts  was  applied  forty  years  ago  by  Bain  in 
his  electro-chemical  telegraph,  and  subsequently  by  Bakewell  in 
his  copying  telegraph,  several  modifications  of  which  are  now  in 
the  Electrical  Exhibition. 

If  a  piece  of  paper  which  has  been  soaked  in  a  solution  of 
iodide  of  potassium  be  laid  upon  a  metal  plate  which  is  connected 
to  the  negative  pole  of  a  battery,  and  if  a  platinum  wire  which  is 
in  connection  with  the  positive  pole  of  the  battery  be  drawn  over 
the  paper,  the  path  of  the  point  will  be  indicated  by  a  brown  line 
due  to  the  liberation  of  iodine.  The  intensity  of  this  brown  line 
will  vary  with  the  strength  of  the  current,  and  will  cease  altogether 
if  the  current  is  interrupted.  If  a  series  of  closely  parallel  lanes 
of  such  a  kind  are  marked  upon  the  pap^,  the  appearance  it  will 
present  on  its  surface  will  be  one  of  a  uniformly  brown  colour. 
.  Such  a  coloured  surface  is  the  groundwork  of  Bakewell's 
pictures,  and  the  designs  upon  it  are  produced  simply  by  introdu- 
cing breaks  in  the  lines  at  the  proper  places. 

In  the  Bakewell  transmitter  a  platinum  point  is  made  to  move 
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in  a  series  of  closely  parallel  lines  across  a  picture  drawn  with  a 
nonconducting  resinous  ink  upon  a  sheet  of  tin-foiL  The  positive 
pole  of  a  battery  is  connected  to  this  point,  the  tin.foil  to  the  line 
wire,  and  the  distant  end  of  the  line  wire  to  a  second  point  which 
moves  synchronously  with  the  first  across  a  piece  of  sensitised 
paper  in  a  series  of  lines  corresponding  to  those  described  upon  the 
tin-foil.  When  the  first  point  is  in  contact  with  the  bare  tin.foil, 
the  current  passes  along  the  ,  line  to  the  second  point,  which 
consequently  traces  a  brown  mark  upon  the  paper.  But  when  the 
first  point  is  upon  a  spot  which  is  covered  by  the  nonconducting 
ink,  the  current  is  interrupted,,  and  no  mark  is  made  upon  the 
paper  by  the  second  point.  Thus  it  is  evident  that  when  the 
whole  surface  of  the  prepared  tin-foil  has  been  traversed  by  the 
first  point  there  will  appear  upon  the  sensitised  paper  a  design  in 
white  upon  a  dark  ground  produced  merely  by  breaks  in  the 
parallel  lines  traced  by  the  second  point,  and  corresponding  exactly 
with  the  orignal  drawing  upon  the  tin-foiL 

In  my  apparatus  the  receiving  instrument  is  similar  in  principle 
to  that  of  Bakewell,  but  the  method  of  transmission  is  entirely 
different,  inasmuch  as  the  pictures  intended  to  be  transmitted  are 
not  mere  artificial  drawings,  but  the  projected  images  of  the  actual 
objects  themselves,  which  are  focussed  as  in  a  photographic  camerai 
upon  a  white  screen  contained  in  the  instrument. 

The  method  in  which  this  is  effected  depends  upon  the  applica- 
tion of  the  second  of  the  natural  facts  previously  mentioned,  viz., 
that  the  electrical  resistance  of  selenium  is  varied  by  the  action  of 
light. 

The  general  arrangement  of  the  apparatus  is  shown  in  the 
diagram  on  the  next  page. 

The  receiving  instrument  in  this  apparatus  contains  a  brass 
cylinder,  covered  with  platinum  foil,  which  is  about  two  inches 
long  and  seven-eighths  inch  in  diameter.  It  is  a  very  small 
article,  and  I  am  afraid  will  scarcely  be  seen  by  those  who  are  at 
a  distance  from  the  table.  This  cylinder  is  mounted  horizontally 
upon  a  spindle  about  seven  inches  long.  One  of  the  projecting 
ends  of  the  spindle  has  a  screw  cut  upon  it  of -64  threads  to  the 
inch,  the  other  end  being  left  plain.    The  spindle  revolves,  in  a 
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gimilar  manner  to  that  of  a  phonograph,  in  two  brass  bearings, 
the  distance  between  which  is  equal  to  twice  the  length  of  the 
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X,  Transmittmg  instnunent. 

Y,  Becemng  inBtrnment. 

B',  Tranimitting  battery. 

B,  Local  battery* 

B,  Variable  resistance. 

Gt,  Galvanometer. 

H,  Pin-bole. 

S,  Selenimn  cell. 

L,  Focussing  lens. 

W,  E,  Line  wires. 

cylinder ;  and  one  of  the  bearings  has  an  inside  screw  cut  upon  it 
corresponding  to  that  upon  the  spindle.  The  cylinder  is  shown  at 
T  in  the  diagram.  An  upright  pillar  fixed  midway  between  the 
two  bearings,  and  slightly  higher  than  the  cylinder,  carries  an 
elastic  brass  arm,  fitted  with  a  platinum  point  which  presses 
perpendicularly  upon  the  surface  of  the  cylinder.  To  the  brass  arm 
a  binding  screw  is  attached,  and  a  second  binding  screw  on  the  stand 
is  joined  by  a  wire  to  one  of  the  brass  bearings.  The  positive  pole  of 
a  local  battery,  B,  is  connected  through  a  set  of  resistance  coils,  B, 
VOL.  X.  25 
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with  the  plantinum  point,  and  the  negative  pole  through  a  galvano- 
meter, Q,  with  the  metal  cylinder.  If  now  a  piece  of  paper 
which  has  been  soaked  in  a  solution  of  iodide  of  potassium  be 
wrapped  round  the  cylinder^  and  the  cylinder  be  caused  to  rotate, 
the  platinum  point  will,  so  long  as  the  current  passes,  trace  a  very 
close  spiral  line  upon  the  paper.  The  intensity  of  this  line  will 
depend  upon  the  strength  of  the  current ;  and  when  the  current 
is  interrupted  in  any  manner  the  line  will  be  completely  broken 
oflf,  and  the  paper  will  retain  its  original  whiteness.  By  regulating 
the  intensity  of  the  line  thus  traced^  and  introducing  gaps  at  the 
proper  places,  a  picture  can  be  represented  upon  the  paper  similar 
to  those  produced  by  Bakewell's  form  of  instrument,  but  with 
the  addition  of  half-tones.  The  strength  of  the  current  which 
generates  the  line  current  is  varied  by  the  action  of  the  luminous 
focussed  image  upon  a  piece  of  prepared  selenium  (a  so-called 
'^  selenium  cell '')  in  the  transmitting  instrument. 

At  the  transmitting  station  is  a  second  battery,  B',  which  is 
connected  by  two  line  wires,  W,  E  (one  of  which  would  in  practice 
be  replaced  by  the  earth),  with  the  galvanometer,  G,  and  the 
receiving  intrument,  T,  so  that  the  current  passes  through  them  in 
the  (ypposite  direction  to  that  of  the  current  from  the  local  battery, 
B.  If  now  the  two  currents  passing  through  the  paper  are  of 
equal  strength,  they  will  neutralise  each  other,  and  the  platinum 
point  will  make  no  mark  when  the  cylinder  rotates.  If  the 
current  &om  the  local  battery  is  stronger  than  that  from  the  other, 
the  usual  brown  mark  will  appear,  its  intensity  depending  upon 
the  difference  between  the  strength  of  the  two  currents. 

In  the  circuit  of  the  battery,  B',  is  introduced  the  transmitting 
instrument,  X,  the  purpose  of  which  is  to  regulate  the  ciurrent  in 
such  a  manner  as  to  produce  the  desired  effect.  The  current  is 
caused  to  pass  through  a  selenium  cell,  S,  enclosed  in  a  small  box 
from  which  all  light  is  excluded  except  such  as  can  pass  through  a 
pin-hole  drilled  in  the  side  of  the  box  opposite  to  the  celL  By 
means  of  a  simple  mechi^nical  arrangement  the  box  is  connected 
with  a  horizontal  spindle  in  such  a  manner  that  each  revolution  of 
the  spindle  causes  the  box  to  move  perpendicularly  up  and  down 
through  a  distance  of  two  inches,  and  at  the  same  time  laterally 
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through  ^  inch.  T  am  afraid  that  the  arrangement  cannot  be 
seen  from  any  distance,  but  the  box  is  now  actually  performing 
the  movement. 

A  picture  not  more  than  two  inches  square  being  projected 
by  a  photographic  lens  upon  that  side  of  the  box  which  contains 
the  pin-bole,  H,  it  is  clear  that,  by  turning  the  spindle,  the  pin-hole 
may  be  caused  to  pass  successively  over  every  point  of  the  focussed 
image.  The  box,  while  moving  in  the  upward  direction,  travels 
through  space  at  precisely  the  same  speed  as  any  point  on  the 
surface  of  the  receiving  cylinder,  when  the  spindles  of  the  tvw) 
instruments  are  revolving  sjmchronously :  the  downward  move- 
ment  is  rapid,  and  has  nothing  to  do  with  the  transmission  of 
the  picture. 

The  instrument  is  prepared  for  work  in  this  manner : — A  small 
piece  of  paper  is  soaked  in  a  solution  of  iodide  of  potassium,  and 
fastened  with  a  little  gum  along  the  edges  upon  the  cylinder  of  the 
receiver,  and  the  platinum  point  pressed  gently  upon  it.  The  pin. 
hole  in  Ihe  transmitter  is  brought  to  the  brightest  part  of  the 
focussed  picture,  and  the  variable  resistance,  B,  in  the  circuit  of 
the  local  battery  is  so  adjusted  that  the  two  currents  passing 
through  the  paper  exactly  balance  each  other,  as  indicated  by  the 
galvanometer,  Q.  The  cylinder  and  box  are  then  moved  to  their 
extreme  positions,  and  all  is  ready  to  commence  operations.  The 
two  spindles  are  then  caused  to  rotate  [illustrating]  slowiy  and  syn- 
chronously.  The  pin-hole  in  the  course  of  its  up  and  down  path 
passes  successively  over  every  part  of  the  projected  picture,  and  the 
amount  of  light  falling  at  any  moment  upon  the  selenium  cell  is 
IMx>portioa,al  to  the  illumination  of  that  particular  spot  of  the 
picture  which  for  the  time  being  is  occupied  by  the  pin-hole. 
When  the  pin-hole  is  in  the  dark,  the  resistance  of  the  selenium 
cell  is  increased,  the  current  from  the  local  battery  predominates, 
and  the  platinum  point  traces  a  dark  brown  line  upon  the  paper. 
But  when  the-pin  hole  happens  to  be  passing  over  a  bright  part  of 
the  picture,  the  resistance  of  the  selenium  cell  is  diminished ;  & 
stronger  current  is  then  opposed  to  that  £rom  the  local  battery, 
and  the  line  traced  by  the  point  is  enfeebled  or  altogether  broken. 
The  close  spiral  line  thus  described,  with  the  breaks  in  its  uni- 
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formity,  constitutes  a  picture  which,  if  the  instrument  were  perfect, 
would  be  a  monochromatic  counterpart  of  that  projected  upon  the 
transmitter. 

Nearly  all  the  defects  in  the  performance  of  the  instrument 
are  due  to  want  of  sensitiveness  in  the  prepared  paper,  which 
requires  a  comparatively  strong  current  to  mark  it.  If  the  elec* 
tricity  could  be  made  to  play  the  same  part  as  light  does  in  the 
rapid  processes  of  ordinary  photography,  producing  an  invisible 
decomposition  capable  of  subsequent  development,  there  would 
seem  to  be  no  reason  why  great  perfection  should  not  be  obtained. 
No  doubt,  too,  the  selenium  cells  could  be  much  improved,  thoogh 
with  a  sufficiently  sensitive  paper  they  would  work  very  well  in 
their  present  condition. 

In  the  experimental  apparatus  synchronism  has  been  secured 
by  the  simple  expedient  of  connecting  the  two  spindles  and  turning 
them  together.  For  practical  use  each  instrument  would  of  cooise 
be  driven  separately  by  clockwork,  which  might  be  synchronised 
by  an  electro-magnetic  arrangement  at  every  revolution :  since  the 
current  from  the  transmitting  battery  could  be  used  for  this 
purpose  during  the  descent  of  the  box,  no  additional  line  wire 
would  be  required. 

I  am  not  able  to  show  the  apparatus  before  you  in  actual 
operation,  because  there  has  not  been  time  to  adjust  it  properly 
since  the  meeting  of  the  Congress  in  this  room  this  afternoon ;  and 
even  if  it  were  in  order  it  is  so  small  that  very  few  could  see  it. 
I  hope,  however,  to  have  the  apparatus  on  view  in  the  Exhibition 
in  the  course  of  next  week. 

A  vote  of  thanks  was  passed  to  Mr.  Shelford  Bidwell  for  his 
communication. 

Mr.  Aylmeb  then  read  the  following  paper : — 

LES   CHEMINS   DE   FER   ELEGTBIQUES. 

Par  Dr.  Webnbb  Siemens  (Foreign  Member). 

Les  progr^s  considerables  et  multiples  r&Jises  dans  les  applica. 
tions  industrielles  de  T^ectricite,  et  dont  les  specimens  sont 
r^unis  dans  cette  remarquable  exposition  due  h,  Tinitiative  et   it 
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Thoepitalit^  de  la  France,  me  font  tin  devoir  de  ne  pas  absorber 
pedant  trop  longtemps  voire  attention  poor  une  seole  de  ces 
nombrenses  applications. 

TontefoiSy  je  me  rends  volontiers  au  diair  que  m'en  i 
manifest^  la  '^  Society  of  Telegraph  Engineers  and  of  Electricians," 
dont  j*ai  Fhonneur  d'etre  membre  d^s  sa  formation  et  qui  a 
pns  une  part  si  active  k  ces  progr^,  en  vous  feasant  une  courte 
communication  sur  la  locomotion  electrique. 

La  locomotion  ^ectriqne,  dont  le  petit  cbemin  de  fer  con. 
duisant  au  palais  de  Tindustrie  est  un  specimens  et  qui  se 
pr^nte  h,  vous  sous  la  forme  d'un  omnibus  transportant  environ 
50  personnes,  mis  en  mouvement  par  la  force  electrique,  est  bas^e 
sur  la  transmission  de  force  au  moyen  de  machines  djnamo- 
electriques. 

Je  n'ai  pas  Tintention  d'etudier  Torigine  et  les  perfect^onne. 
ments  des  machines  dynamo-^lectriques  et  d'entrer  dans  les  details 
de  leur  construction,  je  me  bomerai  seulement  i,  appeler  voire 
attention  sur  certaines  proprietes  de  ces  machines,  propri^t^  qui 
les  rendeni  particuli^rement  apies  au  service  de  la  locomotion. 

Les  machines  dynamo«^leciriques  se  disiinguent  essentielle- 
ment  des  machines  i^  induciion  magneto-^eciriques  par  Tabsence 
de  tout  aimant  permanent. 

Dans  les  machines  bas^s  sur  Temploi  d'aimanis  permanents, 
la  force  du  courant  electrique  foumi  par  la  machine  depend  de 
Tintensit^  constante  des  champs  magnitiques  k  travers  lesquels  on 
fait  passer  les  conducteurs  ou  les  p61es  des  electro-aimants  induits. 

Dans  les  machines  dynamo-^lectriques,  au  contraire,  les 
aimants  permanents  des  anciennes  machines  magn^to-dectriques 
sent  remplaces  par  un  ou  plusieurs  ^ectro-aimants  dont  les  spires 
font  pnrtie  du  circuit  general. 

L'intensit^  du  champ  magnetique  efficace  dans  la  machine 
dynamc^lectrique  n'est  done  pas  constante;  elle  n'est  qu'une 
fonction  de  I'intensite  du  courant  dont  elle  mdme  est  la  cause 
premiere. 

Si  dans  une  telle  combinaison,  les  masses  et  les  r&istances 
sent  oonvenablement  Stabiles,  une  quantity  minime  du  magn^tisme 
retenue  par  les  Electro-aimants  suffira  pour  produire  dans  les 


m  LES  OHBMIKB  J>E  FEB  ELEOTEIQXTEa  [8ept  24di; 

conducteurs — mus  dans  ce  faible  champ  magneiique  im  oourant 
susceptible  d*accrottre  le  magnetisme  de  r^ectro-aimant.  Le 
magn^tisme  ainsi  renforc^,  augmente  h,  son  tour  le  courant  induit, 
et  ainsi  de  suite^  jusqu'^  ce  qu'un  ^uilibre  d^ndant  de  la 
construction  de  la  machine  et  de  la  vitesse  du  mouvement  de 
rotation  se  soit  ^tabli. 

Le  magnetisme  et  le  champ  magn^tique  defini  par  Faraday, 
le  grand  investigateur  de  Tinduction,  ne  fbrment  done  dans  la 
machine  dynuno^ectrique  qu*un  efifet  transitoire,  ou  si  on  veut, 
\m  produit  interm^aire  de  la  transformation  du  travail  m^nique 
en  courant  ^ectrique. 

Cost  pour  cela  qu*en  decrivant  dans  la  seance  de  I'Academie 
des  Sciences  de  Berlin,  du  17  Janvier,  1867,  le  principe  dynamo, 
electrique,  j'ai  propose  d'appeler  les  machines  bashes  sur  ce 
principe  des  machines  "dynamo-^ectriques"  pour  les  distinguer  des 
machines  magn^to-electriques  qui  produisent  le  courant  electrique 
au  moyen  de  magnetisme  existant. 

II  est  Evident,  que  les  machmes  dynamo.eiectriques  jouent 
aussi  le  rdle  de  machines  eiectro-magnetiques  si  elles  sent 
parcourues  par  un  courant  d'une  autre  source,  comme  par 
exemple,  celui  produit  par  une  autre  machine  dynamo-electrique. 

Cela  r&ulte  directement  du  principe  dynamo-electrique  qui 
exige  qu*une  machine  eiectro-magnetique  quelconque  que  Ton  fait 
toumer  en  sens  contraire  de  sa  rotation,  renforce  le  courant 
electrique  qui  la  traverse,  c'est-^-dire,  constitue  une  machine 
dynamo-flectrique. 

Quoique  une  machine  magneto-electrique  combin^e  avec  une 
ma()hine  eiectro-magnetique  convienne  parfaitement  en  throne  k 
la  transmission  de  force  et  plus  particulierement  &  la  locomotion 
electrique  ;  en  pratique  elle  ne  pent  pas  servir  dans  ce  but. 

D'abord,  le  magnetisme  de  Tacier  est  excessivement  faible  oom. 
par^  k  reiectro-magnetisme  et  cela  entraine  h,  donner  aux  mcu^hines 
magneto.electriques  de  tr^s.grandes  dimensions  s'il  s'agit  de 
produire  de  forts  courants,  tels  que  les  exige  la  locomotion.  La 
reunion  cPun  aussi  grand  nombre  d'aimants  d'acier  a  pour  con- 
sequenoe  de  leur  faire  perdre,  k  bref  deiai,  une  grande  partie  de 
leur  magnetisme.    Mais,  abstraction  faite  de  ces  inconvenients  des 
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machines  magneto-^lectriqnes,  le  fait  que,  dans  la  machine  dynamo- 
elecinqiie,  le  magn^tisme  est  une  fonction  de  Tintensite  du  coiirant, 
£orme  une  condition  d'mie  importance  capitale  pour  les  applica- 
tions  du  coorant  electrique  k  la  locomotion. 

Si  deox  machines  de  ce  genre  se  trouvent  placees  dans  le  mdme 
circuit  et  si  Ton  fait  tourner  Tune  des  deux  par  une  force  ext^rieure 
ayec  une  vitesse  determinee  pendant  que  Tautre  aura  un  travail 
variable  ^  accomplir,  le  travail  produit  par  cette  machine  secon- 
dare, en  des  limites  tres-larges,  restera  presque  independant  de  sa 
vitesse  de  rotation. 

Cela  vient  de  ce  que  la  machine  secondaire  mise  en  mouvement 
par  le  courant,  agit  elle-meme  comme  une  machine  productrice 
de  courant  ou  comme  une  machine  dynamo-electrique.  EUe 
produit  un  contre-courant  qui  affaiblit  le  courant  existant  dans  le 
circuit,  de  telle  sorte  que  le  courant  toniberait  h.  zero,  si  la 
machine  secondaire  n'avait  aucun  travail  interieur  ou  exterieur  a 
accomplir,  et  que  par  suite,  le  contre-courant  qu'elle  d^veloppe, 
viendrait  h  Stre  ^gal  au  courant  de  la  machine  primaire  maintenue 
en  rotation  imiforme. 

Si  maintenant,  par  un  travail  impose  ^  la  machine  secondaire, 
on  reduit  sa  vitesse  et  par  consequent,  la  centre-action  d^veloppee 
par  elle,  Tintensite  du  courant  augmente  dans  tout  le  circuit,  et  par 
suite,  le  magn^tisme  efficace  des  deux  machines  se  renforce,  d'oil  il 
resulte  que  I'effet  dynamique  de  la  machine  secondaire  se  trouve 
accrA  et  approche  de  sa  valeur  anterieure. 

Cette  particularity  des  machines  dynamo-electriques  placees 
dans  un  circuit  commun  est  de  la  plus  haute  importance  au  point 
de  vue  des  chemins  de  fer  electriques,  attendu  qu'elle  constitue 
un  moyen  de  regler  d'une  fagon  tres-parfaite  la  vitesse  de  la 
locomotive  electrique  ou  de  '*rEIectromote"  comme  je  propose 
d'appeler  une  voiture  trainfe  par  T^lectricite. 

C'eet  h,  cette  propri^te  des  machines  dynamo-electriques  accou- 
pl^  que  nous  devons  la  force  relativement  grande  avec  laquelle 
TElectromote  d^marre,  qu'il  passe  par  des  courbes,  franchit  des 
rampes  et  peut  vaincre  d'autres  obstacles  qui  s'opposent  k  sa 
marche,  sans  variations  g^nantes  de  vitesse  et  que  cette  vitesse 
n'implique  aucun  coefficient  prejudiciable  dur  des  plans  incline. 
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C'est  encore  oette  propriety  autoregiilatrice  dee  machines 
dynamo-^lectriques  accouplees  qui  seule  permet  la  circalatioii 
simultaii6e  de  plusieurs  electromotes  sur  une  mdme  voie,  lea  una  k 
la  suite  des  autres. 

Or,  si  Ton  intercale  dans  le  circuit  commun  une  forte  machine 
primaire,  que  Ton  fait  toumer  h,  vitesse  constante  et  si  les  deux 
rails  conducteurSy  comme  ou  les  emploie  pour  le  chemin  de  fer 
^ectrique  de  Lichterfelde,  re9oiyent  de  la  machine  g^n^iatrice 
une  di£^rence  de  potentiel  d^pendante  de  Tintensit^  du  courant 
dans  le  circuit  conducteur,  cetto  diiSiSrence  de  potentiel  devra 
augmenter  du  moment  que  la  r&istance  totale  du  circuit  se 
trouvera  diminu^e  par  Pintercalation  de  deux  ou  de  plusieurs 
machines  associ^s  parallMement  (en  quantity). 

Si  la  r&dstance  des  rails  est  petite,  comparativement  h,  celle 
des  machines,  deux  ou  plusieurs  machines  secondaires,  d*une 
construction  semblable,  et  ayant  h,  vaincre  des  resistances  pas  trop 
diffilrentes  entre  elles,  marcheront  Tune  apres  Pautre  ayec  une 
vitesse  k  peu  pr^s  semblable. 

Cette  vitesse  ne  sera  pas  m£me  bien  inf^rieure  k  celle 
qu'acquerrait  ime  seule  de  ces  machines  secondaires  circulant 
sur  la  ligne. 

Si  Tun  des  Electromotes  devait  vaincre  une  resistance  plus 
grande  que  les  autres,  sa  vitesse  diminuerait,  et  par  cons&juent 
Egalement  le  contre-courant  qu'elle  produit. 

Son  aimant  sera  done  parcouru  par  un  courant  plus  fort  et  par 
cela  TeiSet  m^canique  de  cet  ^ectromote  se  trouvera  renforce. 

n  en  resulte  que  la  vitesse  de  plusieurs  electromotes  circulant 
sur  une  mdme  voie,  les  uns  k  la  suite  des  autres,  ne  differera  pas 
beaucoup,  mSme  pour  des  chargements  difii^rents  et  pour  des 
resistances  variables  rencontr^  sur  la  voie. 

Ces  considerations  prouveront  que  pour  Vezploitation  des 
chemins  de  fer  ^ectriques,  ne  conviennent  que  des  machines 
dynamo-^ectriques  simples,  k  parcours  unique  de  courant,  telles 
que  la  machine  Qramme  ou  celle  de  Von  Hefiier  Alteneck. 

Ni  la  combinaison  dynamo. Elect rique  que  M.  Wheatstone  a 
indiquee  quelques  semaines  seulement  apres  que  j*avais  publiE  le 
principe  dynamo-electrique,  ni  les  machines  k  excitatrice  inde- 
rendante  ne  conviennent  an  but  propose. 
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Qaoiqa'immediatement  apres  la  decouverte  du  principe  dynamo- 
electriquey  j'avais  songe  k  rapplication  des  machines  dynamo, 
electriques  au  service  de  la  locomotion,  dix  annees  se  sont  cependant 
ecoolees  avant  que  j'aie  os^  entamer  I'essai  pratique  d'installer 
nn  chemin  de  for  electiiqne. 

Mes  premieres  machines  dynamo-Sectriques  basees  sur  I'emploi 
de  relectro^aimant  qu'on  est  convenu  d'appeler  I'armature  Siemens 
ne  donnaient  pas  un  rendement  suffisant  de  transmission  de  force, 
et  pr&entaient  cet  antre  inconvenient  que  le  fer  de  Tarmature 
s'echaufi&it  trop  fort. 

C'est  k  M.  Gramme  qu'est  dft  le  merite  d'avoir,  en  faisant 
usage  de  Tanneau  Paccinotti,  applique  le  premier  le  principe 
dynamo-^lectrique  sous  une  forme  susceptible  d'un  fonctionnement 
prolonge. 

n  ne  devint  possible  de  construire  des  chemins  de  fer 
electriques,  qu'apr^s  que  la  machine  Gramme  d'une  part,  et  la 
machine  con^ue  par  le  chef  de  notre  bureau  d'^tudes  M.  Yon 
He&ier  Alteneck  d'autre  part,  cette  demiere  exclusivement 
appliqu^  par  notre  firme,  eurent  affecte  une  forme  pratique  bien 
definie. 

Dans  le  premier  specimen  de  chemin  de  fer  electrique,  celui 
qui,  au  printemps  1879,  fonctionnait  sur  le  territoire  de  Texposi- 
tion  industrielle  de  Berlin,  le  circuit  Electrique  Etait  etabli  par 
un  troisieme  rail  special,  isole  des  deux  rails  de  roulement  et 
place  entre  ces  demiers ;  les  rails  de  roulement  constituaient  le  fil 
de  retour  non  iso\4. 

Nous  avons  construit  une  petite  locomotive  speciale  dont  les 
roues  toumaient  par  I'effet  d'une  machine  dynamo-Electrique  les 
actionnant  par  Tentremise  d'engrenages. 

Au  moyen  d'un  appareil  &  contact,  Tune  des  extremit^s  des 
spires  de  la  machine  ^ectrique  etait  relive  au  rail  central  isole, 
alors  que  Tantre  extremite  communiquait  avec  le  chassis  de  la 
locomotive  et  par  cela  mSme  avec  les  rails  de  roulement. 

La  voie  ^tait  circulaire,  d'une  longueur  d'environ  300  metres 
et  de  0'50m.  d'^cartement. 

La  machine  dynamo-^ectriqne  primaire  install^  dans  la  galerie 
des  machines  etait  intercalee  entre  le  rail  central  isole  et  les  rails 
ext^rieurs  de  roulement. 
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La  locomotive  remorquait  sur  cette  voie  trois  petits  chars-i- 
banc  k  voyageurs  occupes  par  18  personnes  et  cela  k  uhe  vitesse  de 
3  ii  4  metres  par  secoode. 

Bes  petits  chemins  de  fer  de  ce  genre  fonctionnent  en  assez 
grand  nombre  en  divers  endroits. 

Dans  le  premier  chemin  de  fer  ^ectrique,  construit  pour  nne 
exploitation  reguliere  et  inaugur^  an  mois  de  Mai  de  cette  annee- 
ci  h,  Lichterfelde  pres  de  Berlin,  on  a  fait  usage  d'un  systeme  de 
conducteurs  diflferents. 

Le  troisieme  rail  central  a  ete  supprime  et  les  deux  rails  de 
roulement  fixes  sur  traverses  en  bois,  et  par  ce  fait,  isoles  Tun  de 
I'autre  forment  le  fil  d'aller  et  le  fil  de  retour. 

Un  type  de  voiture  employ^  sur  la  ligne  de  Lichterfelde  est 
expose  dans  la  section  allemande  de  Texposition. 

Les  roues  sont  h.  plateau  en  bois  et  les  bandages  qui,  par  leur 
contact  avec  les  rails,  amenent  le  courant  aux  extremites  des  spires 
de  la  machine  secondaire  se  trouvent  par  ce  fait  isoles  du  chassis  en 
fer  de  la  voiture. 

On  n'a  pas  constate,  jusqu'ici,  pour  cette  ligne  longue  d'enviroD 
3  kilometres  un  effet  nuisible  quelconque  provenant  de  Thumidite 
du  sol. 

L*effort  exerce  par  la  machine  secondaire  fonctionnant  &  une 
vitesse  d'environ  40  kilometres  h,  Theure  est  approximativement  de 
5^6  chevaux-vapeur. 

Le  renversement  de  la  marche  se  produit  par  un  changement 
des  communications  electriques  entre  les  fils  de  la  partie  toumante 
de  la  machine  secondaire  et  ceux  de  Telectro-aimant  fixe. 

C'est  de  cela  que  depend  le  sens  de  rotation  de  la  machine 
dynamo-electrique. 

Afin  d'eviter  de  fortes  etincelles  nuisibles  h,  la  conservation  des 
machines,  Tinterruption  du  courant  et  la  commutation  du  sens  de 
rotation  n'ont  pas  lieu  subitement,  mais  successivement. 

On  emploie  pour  cela  un  conunutateur  que  Ton  fait  toumer  i 
Taide  d'lm  levier^  et  qui  sert  k  interposer  successivement  dans  le 
circuit  des  r&istance  de  plus  en  plus  grandes. 

Ce  chemin  de  fer  a  principalement  6i6  construit  dans  le  but 
de  recueillir  des  denudes  pratiques  d*exp^riences  pour  le  chemin 
de  fer  aerien  projete  par  nous  pour  Berlin. 
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La  disposition  adoptee  k  Lichterfelde  ne  conviest  pas  pour  des 
rues  dans  lesquelles  circulent  desvoitures  tratn^  par  des  chevauz, 
attendu  que  ces  animauz  s'effraient  toutes  les  fois  qu'ils  regoivent 
des  commotions  ^ectriques,  leurs  sabots  Tenant  toucher  les  deux 
rails  ii  la  fois. 

H  est  done  n^essaire,  pour  les  chemins  de  fer  places  dans  ces 
rues,  de  ne  pas  transmettre  le  courant  par  les  rails,  mais  d'employer 
i  cette  fin  des  conducteurs  suspendus  separ^ment,  comme  le  fait 
voir  le  tramway  electrique  de  Texposition  et  comme  cela  a  et^  fait 
recemment  pour  le  tramway  electrique  de  Charlottenburg  k 
Spaodau. 

Pour  ce  dernier  tramway,  le  courant  est  conduit  par  deux 
cables  metalliques  isoles  entre  eux,  suspendus  parallelement  de 
telle  fa^on  h  servir  eux-mfimes  de  voie  de  roulement  i  un  petit 
chariot  h  contact. 

Les  roues  de  droite  du  chariot  sont  isolees  de  celles  de  gauche 
et  etablissent  au  moyen  d'un  leger  cdble  i  deux  conducteurs 
separes  la  communication  entre  les  cables  conducteurs  fixes  et  les 
spires  de  la  machine  dyuamo-electrique  placee  sous  la  voiture. 

Pour  le  tramway  electrique,  qui  a  ete  construit  h,  Paris,  on  a 
applique  une  disposition  difierente. 

Deux  tubes  metalliques  d'environ  0*02m.  de  diametre  interieur, 
a  Tinstar  du  tablier  des  ponts  suspendus,  ont  ete  suspendus  late- 
lalement  h,  la  voie  au  moyen  de  forts  fils  isol&. 

Ohacun  de  ces  tubes  est  muni  d'une  fente  longitudinale  k  tra- 
cers laquelle  un  piston  metallique  mobile,  se  mouvant  dans  chacun 
de  ces  tubes,  ^tablit  la  communication  conductrice  avec  la  machine 
de  propulsion. 

Le  contact  parfait  entre  piston  et  tube  est  assure  au  moyen 
de  galets  K  friction. 

Le  courant  emis  par  la  machine  dynamo-electrique  primaire 
parcourt  les  deux  tubes  isoles  Tun  de  I'autre  et  est  amen^  h.  la 
macliine  de  Pelectromote  par  les  pistons  entraines  h,  la  remorque 
de  la  voiture. 

Une  troisi^me  methode  pour  le  maintien  constant  de  la  liason 
conductrice  entre  la  machine  primaire  et  la  machine  secondaire 
mobile  consiste  h,  disposer  entre  ou  h  c6t6  des  voies  im  c^ble  m^tal- 
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lique  conducteur  reposant  sur  des  appuis  isol&>  et  lequel,  au  pas- 
sage  de  I'^Iectromote,  est  releve  et  remis  en  place  au  moyen  de 
galets  ii  Tinstar  de  ce  qui  se  &it  pour  les  chaines  des  bateaux  de 
touage.  « 

Cette  m^thode,  jusqu'lci,  n'a  pas  encore  ^te  mise  en  pratique. 

L'ezp^rience  acquise  par  les  chemins  de  fer  ^iectriques  instaQ& 
jusqu'ici  a  foumi  la  preuve  que  la  locomotion  ^ectrique  est  pra- 
tiquement  realisable  et  qu*elle  conquerera  un  champ  d'applicatioDs 
determine,  dans  lequel,  elle  rendra  des  services  meilleurs  que  ceux 
obtenus  par  les  mojens  de  transport  utilis^  prec^emment. 

Je  tiens  h,  declarer  ici  d'avance  que  je  ne  suis  pas  d'avis  que 
r^lectromote  supplantera  jamais  la  locomotive  k  vapeur,  pas  pins 
qu*il  ne  remplacera  partout  les  chevaux. 

L'ind^pendance  ii  se  mouvoir  que  possede  la  locomotive  k  vapeur 
lui  assurera  toujours  une  grande  preponderance  pour  le  transport 
de  masses  considerables  sur  de  longs  parcours. 

La  locomotive  eiectrique  ne  trouvera  sa  place  legitime  que  li 
ou  le  locomotive  h,  vapeur,  h,  cause  de  ses  particularit^s,  ne  pouna 
convenir,  ou  encore,  lorsque  des  conditions  sp^ciales  fiavoriseront 
I'application  de  la  traction  eiectrique. 

Nous  citerons  comme  particulierement  avantageuz  k  £tre 
exploit^s  par  traction  eiectrique,  les  chemins  de  fer  exhausses 
(elevated  railroads)  des  grands  centres  populeux. 

L'extension  des  villes  entraine  k  un  accroissement  si  considerable 
de  la  circulation  dans  les  rues  que  I'espace  indispensable  k  qette 
circulation  commence  k  manquer.  Du  moment  qu'il  j  a  empSche- 
ment  k  cr^er  une  voierie  souterraine  pour  la  communication  rapide 
des  faubourgs  entre  eux  et  du  centre  avec  les  confins,  on  devra 
necessairement  etablir  un  r^seau  de  chemins  de  fer  aeriens,  si  la 
vie  ne  doit  pas  6tre  rendue  insupportable  et  le  d^veloppement 
ulterieur  se  trouver  arrfit^  par  un  engorgement  dans  la  circulatioiL 

Les  chemins  etablis  sur  colonnes  comme  en  Am^rique  sent  le 
moyen  le  plus  simple  pour  I'obtention  d'un  second  ^tage  de 
voierie  pour  la  circulation  rapide  et  le  degrevement  de  Tencombre- 
ment  des  rues. 

La  traction  k  vapeur  a  fortement  discredit^  les  elevated  rail- 
roads, attendu  que,  selon  les  exigences  de  la  traction  k  vapeur,  on 
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a  dd  tenir  compte,  dans  leur  construction,  des  poids  considerables 
d^  locomotives  et  des  lourds  trains  h,  remorquer. 

A  cela  vient  s'ajouter  la  fum^e  et  la  poussi^re  projet^s  par 
les  locomotives  et  le  bruit  d^sagr^ble  pour  les  riverains. 

Avec  la  traction  ^ectrique  au  contraire,  la  voie  n'a  besoin 
d*ltre  construite  que  pour  des  vehicules  pesant  relativement  pen 
et  roulant  isolement  sur  des  colonnes  d'un  diam^tre  peu  sup^rieur 
k  celoi  des  reverb^res. 

Ces  Toitures  se  succederaient  k  petits  intervalles  et  seraient  ii 
peine  remarquees  par  les  riverains,  lorsque,  lanc^  h,  la  vitesse 
des  trains  de  chemin  de  fer,  silencieusement,  elles  voleraient  vers 
leur  destination* 

II  est  vrai  que  de  semblables  chemins  de  fer  sur  colonnes  ne 
contribueront  pas  k  Tembellisement  des  rues,  mais  d'autre  part,  on 
s'habitue  vite  h,  ce  qui  est  utile  et  necessaise. 

CTest  ainsi  que  le  t^^phone  a  r^ussi  h,  avoir  raison  de  l*antipathie 
qui  existait  pr^c^emment  centre  I'enlaidissement  de  Taspect  des 
rues  par  une  ^paisse  toile  de  conducteurs  a^riens. 

De  mfime,  on  remplacera  la  circulation  lente  sur  le  niveau  des 
rues  en  bien  des  cas  par  les  moyens  de  transport  ^ectriques  h,  con. 
ducteurs  suspendus,  attendu  que,  la  traction  ^ectrique  est  bien  moins 
coftteuse  que  ne  Pest  celle  par  les  chevauz  et  que  d'autre  part, 
la  rue  est  ainsi  en  quelque  sorte  d^gr6vee  d'un  exc^s  de  circulation. 
La  traction  electrique  convient  encore  particuli^rement  pour 
I'exploitation  de  lignes  secondaires  economiques  et  de  tron9ons 
de  raccordement,  ainsi  que  pour  les  transports  pond^reuz  ik 
effectuer  dans  des  usines  et  dans  les  mines. 

Le  halage  des  barques  sur  les  canaux  dans  Tavenir  se  fera  ik 
r^lectricite  et  on  trouvera  encore  de  nombreuses  autres  applica- 
tions pour  lesquelles  la  traction  ^ectrique  offrira  des  avantages 
sur  la  traction  k  vapeur  ou  par  cbevaux. 

L'exploitation  des  lignes  souterraines  et  des  longs  tunnels,  tels 
que  celui  du  St.  Qotbard,  anisi  que  le  tunnel  sous  la  Mancbe 
destine  ik  relier  I'Angleterre  k  la  France  une  fois  acbev^, 
vraisemblablement  ne  se  fera  pas  autrement  qu'^  I'electricit^. 

n  est  vrai  que,  pour  le  moment,  la  moitid  environ  du  travail 
d6pense  est  perdue  dans  la  traction  ^ectrique. 
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Cette  perte,  toutefois,  n'est  qu'apparente,  attendu  qa'aTee  de 
puissantes  machines  k  vapeur  fixes,  la  depense  du  oombnstiUe  et 
comme  quantite  et  comme  prix  est  bien  inferieure  &  la  depense 
oocasionnee  de  ce  chef  par  une  locomotive  de  mSme  force. 

La  oil  des  forces  bjdrauliques  natnrelles,  g^^ralement  ntiliBees 
jnsqu'ici  d'une  fagon  incomplete  dans  les  pays  montagnetix, 
peuvent  servir  k  activer  la  machine  primaire,  aucun  autre  moyen 
de  traction  ne  pourra  concourrir  avec  la  traction  ^lectrique. 
Dans  ces  conditions  elle  constituera  avec  un  immense  suco^  un 
veritable  service  de  renfort  et  permettra  d'utiliser  la  force  non 
encore  employee  que  charrient  les  eaux  d^oulant  des  hantean 
pour  y  Clever,  sans  frais  ancun,  h.  vrai  dire,  les  hommes  et  les 
marchandises. 

Dr.  C.  Wm.  Siemens  :  Permettez  moi  de  dire  quelques  mots 
8ur  la  communication  de  mon  frere,  que  nous  venous  de  recevoir. 
Je  crois  que  ce  memoire  indique  assez  clairement  les  limites  dans 
lesquelles  mon  fr^re  pense  que  le  chemin  de  fer  ^ectrique  peat 
dtre  applique.  Les  trois  applications  que  nous  avons  d^jk  faites, 
et  dont  il  parle,  pr&entent  entre  elles  des  differences  essentieUes. 
Dans  l'une>  la  premiere,  il  y  a  un  condacteur  en  forme  de  rail  sitne 
entre  les  deux  rails  sur  lesquels  les  wagons  circulent,  ces  derail 
servant  de  conducteurs  de  retour.  Cette  disposition  pr&ente  un 
inconv^ent  Evident  en  exigeant  un  troisi^me  rail,  lequel  doit  ^tre 
assez  fort  pour  raster  au  trafic  ordinaire  des  rues.  L'on  a  pll 
modifier  cette  construction  h,  Lichtenfelde  de  mani^re  i,  dinger  on 
courant  par  le  rail  d'un  c6t^,  et  celui  de  retour  par  le  rail  de  Pantre 
odt^ ;  cette  disposition,  qui  forme  le  second  syst^me,  me  paratt  la 
plus  oonvenable  pour  les  chemins  ^lev^,  oil  il  est  possible  de  main- 
tenir  les  deux  rails  propies  et  d'obtenir  ainsi  un  contact  assez  par&it 
entre  les  roues  et  les  rails,  mais  il  necessite  une  modification  dans 
la  construction  du  materiel  de  roulement,  en  ce  sens  que  les.  roues 
d'un  cut^  et  de  I'autre  du  wagon  moteur  doivent  £tre  isolees  les 
ones  des  autres,  c'est-^-dire  que  les  deux  roues  d*un  c6te  doiTent 
4tre  construites  en  une  mati^re  isolante,  telle  que  le  bdis  par 
exemple.  Pour  I'application  que  nous  avons  faite  ici  h  Texposition, 
et  ii  laquelle  j*ai  pris  quelque  part,   il  aurait  ^te  impossible 
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d'emplojer  Tune  on  Vautre  de  ces .  dispositions  k  cause  du  trafic 
considerable  des  rues,  et  de  la  bone  qui  emp^cherait  le  contact  entre 
les  roues  et  les  rails;  c*est  ce  qui  a  anient  la  necessite  d'em. 
ployer  deux  conducteurs  a^riens.  Cette  disposition,  qui  forme  le 
troisi&me  sysieme,  a  ete  ez^cutee  par  M.  Boistel,  le  representant 
de  notre  maison  k  Paris.  Mon  fr^re  a  applique  une  construction 
semblable  k  Cbarlottenbourg,  o\i  je  crois  que  les  wagons  no 
rouleront  pas  sur  des  rails ;  du  moins  les  rails  ne  sont  pas  abso. 
lument  n^cessaires  quoiqu*en  les  supprimant  Ton  aurait  plus  de 
resistance  k  vaincre.  Touchant  la  perte  de  force  en  transmission,  dont 
le  memoire  parle,  quoique  cette  perte  soit  assez  considerable, 
pouvant  s*elever  entre  40  et  60  pour  cent.,  cependant  Tavantage 
d'avoir  une  source  de  force  en  une  machine  fixe  est  tres  considerable. 
Je  ne  parle  pas  des  machines  pour  les  grandes  voies,  pour  lesquelles 
une  machine  locomotive  pent  Stre  tres  economique,  et  presque 
aussi  economique  que  les  bonnes,  je  ne  dis  pas  les  meilleures, 
mais  de  tr^  bonnes  machines  fixes.  II  en  est  autrement  cepen- 
dant  pour  les  petites  machines  que  seules  Ton  pent  employer  pour 
les  tramways;  \k  les  d^penses  de  combustible,  les  difiicultes  d*avoir 
une  petite  chaudi^re  effective,  et  les  inconvenients,  causes  par 
rechappement  de  la  fiimee  et  de  la  vapeur  dans  les  rues,  sont  tels 
que  les  tramways  k  vapeur  n'ont  jamais  pft  reussir ;  on  les  a 
essayes  de  c6tes  et  d'autres  mais  ils  ont  toujours  finalement 
manque  k  cause  de  ces  difficultes,  et  la  transmission  ^lectrique 
parait  offrir  une  solution  pratique. 

Mon  fr^re  a  peur  que  les  petits  chariots  k  contact  ne  tombent 
des  fils  suspendus. 

En  v^rite  c'est  arriv^  au  commencement  de  nos  experiences  et 
il  a  fallu  construire  les  chariots  bien  soignetisement  pour  obvier  k 
cet  inconvenient,  et  pour  les  faire  passer  ais^ment  par  les  courbes. 
Certainement  la  methode  employee  ici,  k  Paris,  par  mon  fr^re  et 
M.  Boistel  a  des  avantages  considerables,  mais  elle  est  aussi  plus 
coftteuse. 

M.  le  docteur  Webneb  Siemens  :  Je  voudrais  seulement  ajouter 
quelques  mots.  Monfr^re  disait  que  ces  chariots  devraient  tomber 
de  la  hauteur  de  ces  deux  fils ;  mais  c'^tait  en  verity  au  commence- 
ment le  cas,  parce  que  c'etait  un  chariot  avec  quatre  roues  fixes. 
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H  faudrait  changer  tout  k  £ait  Tesp^e  de  ces  chariots  et  £Edio  Iob 
axes  mobiles  de  maniere  que  tout  cela  pftt  changer  et  se  plier  et 
s'adapter  k  cette  corde ;  en  sorte  que  le  contact  est  toujours  juste 
et  que  cela  ne  devie  ni  d'un  cote  ni  de  Tautre.  Avec  ce  moyen,  on 
marche  assez  sArement,  et  il  est  tout  h,  fait  impossible  que  ces 
chariots  tombent  de  haut  en  bas,  parce  qu'il  j  a  des  arrangements 
que  cela  est  tout  k  fait  impossible.  Mais  cette  mani&re  comma 
elle  est  employee  par  mon  fir^re  et  par  M.  Boistel  ici  k  Paris  est 
plus  certaine.  Seulement  c'est  aussi  un  peu  plus  chere,  et  je 
demande  ce  qui  sera  le  mieux. 

M.  le  Fbesident  :  Si  personne  n*a  plus  d^observations  h,  iaire, 
nous  allons  entendre  M.  Qovi  qui  nous  fera  llionneur  de  nous 
communiquer  ses  impressions  sur  la  machine  de  Thonorable 
M.  Pacinotti. 

L'ANNEAU  DE  M.  PACINOTTL 

Par  M.  le  professeur  Qovi. 

Mesdames  et  messieurs, — Je  vous  remercie  d*abord  de  I'interit 
que  vous  paraissez  attacher  k  Tinvention  d'un  de  mes  compatriotes, 
et  je  remercie  le  Society  des  Ingenieurs  T^l^graphiques  de  rhonnenr 
qu'elle  a  voulu  me  faire  en  m'appelant  ici  k  Stre  le  porte-voix  de 
M.  Pacinotti. 

M.  Pacinotti  a  imaging  sa  machine  lorsqu'il  ^tait  ix6a  jeune ; 
il  n'avait  que  19  ans  quand  il  Ta  invented ;  ce  qui  n'enleve,  ni 
n'ajoute  rien  au  m^rite  de  la  machine,  mais  ce  qui  pent  ajouter 
quelque  chose  au  merite  de  Pinventeur.  Yoila  pourquoi  je  tenais 
k  vous  faire  remarquer  cette  circonstance.  La  machine  de  M. 
Pacinotti  est  une  machine  magneto-electrique,  mais  elle  est  en 
m^me  temps  une  machine  motrice,  et  il  faut  m^me  dire  que  la 
premiere  id^  de  son  inventeur  a  ^te  d'en  faire  un  moteur  electrique. 
Dans  les  anciens  moteurs  imagines  par  differents  savants,  des 
^ectro-aimants  passaient  devant  des  aimants  fixes,  qui  les  attiraient 
ou  les  repoussaient  et  il  s'ensuivait  un  mouvement  qui  etut 
transmis  k  difiG^rents  organes.  Quelquefois  c'etait  le  contraire  qui 
avait  lieu  ;  mais  il  y  avait  dans  tons  le  cas  de  frequentes  inversions 
de  courants,  des  contacts  brAl^s  et  beaucoup  de  perte  de  force. 
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M.  Pacinotti  se  demanda  si  on  ne  pouvait  pas  obtenir  le  mouye- 
ment  d'une  fa^on  ooDtinue^  sans  interruption,  sans  saccades,  et  ce 
fdt  1^  le  point  de  depart  de  son  invention. 

Poor  7  reussir,  11  songea  h  prendre  on  anneau  de  fer  2t  section 
circulaire,  un  cylindre  recourbe  en  anneau  et  h,  enrouler  sur  ce 
cylindre  recourbe  en  anneau  un  fil  de  cuivre  rev^tu  de  soie,  de 
mani^re  k  former  un  circuit  entiirement  ferm^  k  la  surface  de 
Tanneau.  Si,  dans  ces  circonstancesJk,  on  introduit  un  courant 
dans  ce  circuit  ferm^  par  deux  points  assez  rapproches  du  fil,  on 
a  UDe  eap^ce  d'aimant,  qui  n*en  est  pas  un,  dont  les  p61es  se 
BuccMent  deux  h  deux  en  se  toucbant,  et  qui  n'a  par  consequent 
pas  d^tion  exterieure.  Mais  si,  au  lieu  d'introduire  le  courant 
electrique  et  de  le  fkire  sortir  par  deux  points  tres  rapproch^  du 
circuit  qui  s'enroule  autour  de  cet  anneau,  on  Tintroduit  et  on  le 
fait  sortir  par  deux  points  diametralement  opposes,  alors  I'aimanta- 
tion  qui  se  produit  engendre  dans  I'anneau,  aux  deux  points  par 
oii  le  courant  entre,  et  par  od  le  courant  sort,  deux  pdles  opposes : 
d'un  c&te  un  p61e  austral,  de  Tautre  c6te  un  pole  bor^l,  et 
Tanneau  peut  £tre  considere  comme  forme  de  deux  aimants  semi, 
drcolaires  presentant  chacun  ^  I'aimant  voisin  le  p&Ie  du  mdme 
nom :  deux  pdles  austraux  d'un  c6te,  deux  poles  bor^aux  de  Tautre, 
qui  se  toucbent.  Yoila  quel  est  le  point  de  depart  de  la  macbine 
de  M.  Pacinotti,  macbine,  du  reste  que  vous  yoyez  ici  et  que  je 
ferai  fonctionner  tout  h,  Tbeure  en  alimentant  le  mouvement  de 
cet  anneau  k  Taide  de  cette  autre  macbine  magn^to-electrique 
(^galement  de  M.  Pacinotti)  qui  peut  foumir  des  courants  au 
premier  appareil. 

L'anneau  avec  son  circuit  peut  tourner  librement  autour  d'un 
axe  normal  h  son  plan  et  passant  par  son  centre. 

Maintenant  que  nous  avons  cet  anneau  ayant  un  pole  en  un 
certain  point,  et  un  autre  pole  au  point  diametralement  oppos^,  si 
on  place  i  90^  de  ces  pdles,  ceux  d'un  aimant  permanent,  ou  d*un 
Aectro-aimant  fixe,  on  verra  Panneau  tourner  pendant  un  instant, 
puis  le  mouvement  s^^teindra,  parce  que  le  passage  du  courant 
aura  et^  interrompu  par  la  rotation  m^me  de  l*anneau. 

C'est  pour  cela  que  M.  Pacinotti  a  imagine  de  partager  la  spirale 
qui  enveloppe  Tanneau,  en  plusieurs  bobines  succesives,  de  telle 
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fagon  tontefois,  que  la  fin  d*ane  des  bobines  se  rattach&t  aa  com- 
menoement  de  Tautre,  et  qu*en  r^alit^  TeDsemble  de  ces  bobines 
constitn&t  une  spirale  continue,  toujours  dirig^  dans  le  m^me  sens, 
mais  dont,  de  temps  en  temps^  un  de ,  tours  s'allonge  pour 
d^scendre  le  long  de  I'axe  qui  supporte  I'anneau,  et  se  rattacher  h, 
des  toucbes,  ou  contacts,  en  cuivre,  oii  les  deux  bouts  du  fil  sent 
soud&,  et  centre  lesquels  pent  s'appujer  un  contact  fixe,  destine 
soit  k  transmettre  de  I  electricite,  soit  h.  en  recevoir  ;  k  transmettre 
de  r^lectricit^  quand  11  s*agit  de  faire  de  cet  appareil  une  machine 
motrice;  k  recevoir  de  I'^lectricite  quand  il  s'agit  d'employer 
cette  machine  comme  source  d'electricit^.  Les  contacts  fixes 
touchent  le  commutateur,  qui  porte  les  fils  prolong^  des  bobines, 
en  deux  points  diametralement  opposes.  Voila  done  la  machine 
toute  pr^te  h,  fonctionner. 

Car,  si  on  fait  passer  un  courant  electrique  par  les  contacts 
plac&  ik  la  partie  inferieure  de  Taxe  (par  le  comrmbtatetir^  et 
si  Ton  fait  entrer  ainsi  ce  courant  electrique  dans  les  bobines  de 
Tanneau,  on  vient  par  l&.mSme  h  faire  naitre  deux  p61es  dans  cet 
anneau  diametralement  opposes  )'un  ^  Tautre.  Or,  si,  en  croix 
avec  la  position  de  ces  2  pdles,  vous  imaginez  un  aimant  fixe,  un 
aimant  permanent,  ou  bien  un  electro-aimant  assez  fort  pour 
pouvoir,  en  agissant  sur  les  poles  de  I'anneau  determiner  un  mouve- 
ment  dans  I'anneau  et  dans  I'axe  qui  le  supporte,  c'est.k*dire,  dans 
la  machine  libre  ou  rattachee  k  d'autres  organes  de  mouvement  et 
de  travail,  vous  comprenez  que  le  p61e  austral  de  Taimant  perma- 
nent,  ou  de  Telectro-aimant,  en  attirant  le  pdle  boreal  de  I'anneau, 
le  fera  toumer  de  son  cdte^  et  en  m£me  temps,  en  repoussant  le 
pdle  austral  de  I'autre  c6t^,  tendra  h  faire  toumer  I'ftnneau  dans 
le  mfime  sens.  L'autre  p61e  en  agira  de  m£me,  et  I'anneau  se 
mettra  k  toumer  autour  de  I'axe  vertical,  et  le  mouvement  de  le 
machine  sera  obtenu, 

Mais  comme  toutes  les  bobines  n'en  font  qu'une,  et  qu'elles 
reproduisent  par  consequent  toujours  aux  nidmes  points  oppos^  de 
I'anneau  les  m^mes  p61es,  on  a  ainsi  deux  couples  qui  agissent 
continuellement  de  la  mfime  fa^on,  sans  intermption  pour  faire 
toumer  I'anneau  toujours  dans  un  m^me  sens.  Yoil^  en  tr^  pea 
de  mots  le  principe  d'apr^  lequel  M.  Pacinotti  a  construit  sa 
machinei  en  tant  qu'elledoit  fonctionner  comme  machine  motrice. 
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Mais  MoDsieur  Pacinotti  no  s'en  est  par  tenu  U,  et  il  a  imaging 
h,  la  mSme  epoque,  il  a  mfime  suggere  dans  son  m^moire  de  1864, 
d'ajouter  auz  poles  des  aimants  fixes  deux  prolongements  en  fer, 
qui  embrassent  une  grande  partie  de  I'anneau ;  de  telle  fa^on  que» 
loTsque  le  mouvement  se  produit,  les  p61es  de  Tanneau  commencent 
^  ressentir  plus  t6t  I'influence  des  pdles  de  Taimant  fixe,  et  restent 
plus  longtemps  sous  leur  influence.  Le  mouvement  de  la  roue 
toumante  acquiert  comme  cela  plus  d'energie,  et  la  machine  peut 
fournir  un  travail  plus  considerable.  M.  Pacinotti,  peu  de  temps 
apr^  avoir  imagine  cette  disposition  de  machines  motrices,  fit 
plusieurs  experiences  pour  ^valuer  le  travail  que  pouvait  fournir 
sa  machine,  et  il  trouva,  en  se  servant  de  freins,  et  d'uu  voltam^tre, 
que  son  appareil  rendait  au  moins  autant  que  lameilleure  machine 
motrice  ^lectro-magnetique  connue  jusqu'alors. 

Toutes  ces  recherches  et  ces  experiences  furent  executees  par 
M.  Pacinotti  entre  1860  et  1864  epoque  k  laquelle  il  fit  parattre 
la  description  et  la  figure  de  sa  machine  dans  le  Nuovo  Cimento. 

Dans  cette  description,  apres  avoir  indique  )a  construction  de 
son  moteur  ^lectrique,  M.  Pacinotti  a  ajoute  une  remarque  qui  est 
peut.6tre  la  partie  la  plus  int^ressante  de  son  memoire.  C'est  la 
remarque  relative  ^  la  transformation  de  sa  machine  motrice  en 
machine  productrice  d'electricite,  car  c*est  comme  machine 
productrice  d'electricite  surtout  que  cet  appareil  a  acquis  plus  tard 
une  si  grande  importance. 

J'ai  oublie  de  dire  tout  h.  I'heure  que  M.  Pacinotti^  au  lieu  de 
laisser,  comme  il  Tavait  imaging  d*abord,  son  anneau  de  fer  lisse 
et  uni,  avait,  imaging  des  le  commencement  d'en  faire  saillir  des 
espies  de  dents  en  fer,  entre  deux  desquelles  il  enroulait  le  fil 
de  chacune  des  bobines  faisant  le  tour  entier  de  Panneau.  De 
cette  maniere  il  obtenait  de  rapprocher  davantage  des  p61es  de 
Taimant  fixe  le  fer  qui  devait  en  subir  I'induction,  ou  bien  qui 
devait  £tre  attire  par  ces  p61es,  lorsque  Tanneau  avait  ^te  magnetise 
d'ahord  par  Taction  d'un  courant. 

Cost  la  disposition  que  vous  voyez  dans  cette  roue,  la  mAme 
qui  a  ete  construite  par  M.  Pacinotti  en  1860. 

La  transformation  de  cette  machine  motrice  en  machine 
productrice  d'electricite  est  fort  simple. 
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On  n'a  pour  cela  qa*a  renverser  Top^tion.  Au  lieu  d'intro. 
duire  un  courant  par  les  contacts  de  I'interrupteur  et  de  faire  nattxe 
ainsi  deux  pdles  fixes  aux  extremites  d'un  diametre  de  I'annean, 
lesquels  pdles  doivent  dtre  continuellement  attires  ou  repousses  par 
les  deux  p61es  de  Taimant  permanent  ou  de  r^lectrcaimant  fixe 
place  sur  les  c6tes  de  la  roue>  au  lieu  de  faire  cela,  supposez  qu'a 
Tendroit  od  Ton  aurait  attache  les  deux  fils  provenant  de  la  pile, 
on  attache  deux  fils  destin^  k  conduire  Telectricite  h,  Tendroit  oii 
on  yeut  I'utiliser,  ^  une  lampe  flectrique,  par  exemple,  et  supposes 
qu*au  lieu  de  charger  Taimant  fixe  d'imprimer  le  mouvement  k 
Tanneau,  on  fasse  toumer  cet  anneau  par  un  moyen  mecanique, 
en  le  mettant  en  communication  avec  une  machine  motrice. 
Qu'arrivera-t-il  dans  ce  cas?  Les  deux  pdles  de  Tairaant  per. 
manent,  ou  de  Telectro-aimant  fixe  tendront  ^  produire  yis.^.Yis 
d'eux  deux  poles  contraires,  dans  Tauneau  de  fer  qui  va  toumer 
devant.eux.  Ces  deux  p61es  contraires  seront  n^cessairement  fixes 
dans  I'espace ;  quand  I'anneau  toumera  iis  ne  se  deplaceront  pas 
(du  moins  pour  de  petites  vitesses),  parce  qu'ils  ne  sent  diis  qu'ii 
I'induction  exerc^e  par  les  p61es  de  I'aimant  fixe,  qui  ne  changent 
point  de  place.  Mais  les  bobines  entrainees  par  la  rotation  de 
Tanneau  glisseront  sur  ces  poles  immobiles,  et  prendront  des  ^tats 
electriques  qui  pourront  dtre  transmis  aux  fils  conducteuis  qui 
aboutissent  aux  touches  du  commutateur 

Pendant  que  je  me  repose  un  instant,  je  prie  M.  Pacinotti,  que 
j*ai  I'honneur  de  vous  pr^nt^r,  de  vouloir  bien  mettre  en  mouve- 
ment  son  appareil  comme  appareil  moteur,  k  I'aide  de  cette  autre 
machine  magn^to-^ectrique,  qui  transmettra  un  courant  continu  k 
Tanneau  magndtique  ou  aimcmt  tnmveraal  que  vous  avez  sous  les 
yeux* 

M.  QOYI  (apr^  avoir  dessine  un  anneau  sur  le  tableau  noir  )  : 
Supposons,  messieurs,  que  ce  soit  1^  Tanneau  en  fer  de  M.  Pacinotti 
et  que,  sous  Taction  des  deux  p61es  d'un  aimant  permanent  mis  k  cdte 
de  cet  auneau  il  se  developpe  d'un  cote  un  pdle  que  j'appellerai 
*•  nord,**  du  c6te  oppose  un  p61e  que  j'appellerai  "  sud."  Si  main, 
tenant,  on  fait  tourner  rapidement  cet  anneau,  ses  deux  pdles  ne 
changeront  pas  de  place,  ils  resteront  toujours  1^ ;  mais  si  sur  cet 
anneau  on  a  dispose  differentes  bobines  qui  se  suivent,  et  sent 
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toutes  jointes  ensemble  de  mani^re  h,  ne  former  qu'im  seul  circuit, 
il  est  evident  que  ces  bobines  glisseront,  pour  ainsi  dire,  sur  les 
p61es  qui  restent  fixes ;  chacune  defi  bobines  se  rapprochant'tour 
ik  tour  d'un  p61e,  passant  par  dessus,  le  d^passant  et  allant  joindre 
le  pdle  oppose. 

Or,  quand  on  fait  glisser  ime  courte  bobine,  sur  un  aimant,  en 
partant  de  la  ligne  moyenne  ou  neutre  de  cet  aimant  et  en  allant 
vers  son  p61e  austral  ou  vers  son  pdle  boreal,  il  se  d^veloppe  dans 
cette  bobine  un  courant  dont  la  direction  se  determine  tr^  facile. 
ment>  quand  on  connait  la  direction  des  courants  imagines  par 
Ampere  dans  Tinterieur  d^  aimants.  Ainsi  le  p61e  d'un  aimant 
qui  se  toume  vers  le  sud,  a  son  courant  dirige  de  mani^e  ^  toumer 
oomme  I'aiguille  d'une  montre ;  la  direction  est  de  sens  contraire 
pour  le  p61e  qui  se  dirige  vers  le  nord.  Eh  bien,  si  on  fait  glisser 
une  courte  bobine  sur  cet  aimant  h  partir  de  sa  ligne  neutre,  il  s'y 
d^veloppe  un  courant  dont  la  direction  est  oppos^e  k  celle  du  pdle 
dont  elle  se  rapproche.  Si  maintenant  au  del^  du  p61e  que  la  bobine 
vient  d'atteindre  on  se  represente  un  autre  aimant  ajant  le  pdle 
du  mSme  nom  k  la  suite  du  pdle  sur  lequel  la  bobine  est  arriv^e,  et 
c'est  le  cas  de  Tanneau  de  M.  Pacinotti,  on  aura  deux  pdles  du  mime 
nom  qui  se  toucheront  et  sur  lesquels  passera  en  glissant  la  bobine. 
Mais  aussitdt  qu'elle  aura  depasse  ce  double  pdle,  elle  sera  parcourue 
par  des  courants  diriges  dans  le  mime  sens  que  ceux  du  pdle  qu'elle 
vient  de  quitter,  et  par  consequent  diriges  comme  les  courants  d^- 
veloppes  pendant  la  premiere  moitie  de  sa  course.  L'intensite  du 
courant  dans  la  bobine  va  en  croissant  k  mesure  qu'elle  approche  de 
Tun  des  pdles ;  quand  elle  Fa  depasse  et  que  la  bobine  glisse  sur  le 
second  aimant  le  courant  continue  ^  avoir  le  m6me  direction,  mais  il 
commence  k  diminuer  jusqu'a  ce  qu'on  arrive  au  point  milieu  de  ce 
second  aimant,  oii  le  courant  cesse  pour  recommencer  en  s'appro. 
chant  de  I'autre  pdle,  mais  apr^s  avoir  change  de  direction. 

Maintenant  si  dans  I'appareil  de  M.  Pacinotti,  nous  faisons  partir 
une  bobine  du  point  milieu  entre  le  pdle  nord  et  le  pdle  sud,  et  si  nous 
imaginons  que  cette  bobine  glisse  le  long  du  cercle,  on  voit  tout  de 
suite  qu'elle  doit  avoir  son  courant  dirige  d'une  oertaine  mani^re 
qui  restera  la  mime  apr^  que  la  bobine  aura  depass^  le  pdle, 
jusqu'^  ce  qu'elle  parvienne  sur  la  seconde  ligne  ou  section  neutre. 
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Arriv^e  I^»  le  courant  changera  de  direction,  et  en  prendra  une 
toute  contraire,  qu'il  conservera  quand  la  bobine  depassera  le 
second  p6Ie  et  jusqu'^  ce  qu'elle  arrive  sur  la  section  neutre,  oii 
elle  avait  commence  son  mouvement.  Le  courant  reprendra 
alors  sa  direction  primitive,  et  continuera  ainsi  ind^finiment  k 
marcher  dans  les  deux  sens  opposes  sur  les  deux  moities  de 
Tanneau  en  rotation,  en  acquerant  le  maximum  d'intensite  quand 
les  bobines  passeront  sur  chacun  du  deux  p61es.  On  pent  done 
recueillir  les  deux  courants  aux  deux  points  opposes  du  circuit  au 
moyen  du  commutateur  auquel  aboutissent  les  fils  de  bobines  et 
avoir  ainsi  dans  un  circuit  exterieur  un  courant  unique  ayant 
partout  et  toujours  la  memo  direction. 

Cest  ce  qu^on  pent  verifier  mSme  avec  ce  petit  appareil  en 
faisant  que  les  courants  se  rendent,  non  pas  dans  une  lampe 
^lectrique  (le  petit  appareil  ne  permettrait  pas  d'en  obtenir  de  la 
lumiere),  mais  dans  une  boussole  rh^ometrique,  dans  une  petit 
galvanom^tre,  dont  on  volt  Taiguille  devier  tres  fortement  et 
toujours  dans  le  mSme  sens  pendant  la  rotation  de  Tanneau  en 
presence  de  Paimant  ou  de  reiectro-aimant  fixe. 

Si  Ton  tourne  la  roue  dans  un  sens  oppose  la  direction  da 
courant  se  renverse  immediatement.  Avec  le  petit  appareil  que 
vous  voyez  1&,  ou  ne  peut  pas  obtenir  de  courant  tr^  fort ; 
cependant  si  h  la  place  de  ces  deux  Sectro-aimants  que  vous 
voyez  et  qui,  en  ce  moment  ne  fonctionnent  que  par  leur  magn^tisme 
r^sidu  on  mettait  en  pr&ence  de  Tanneau  tournant  les  deux 
pdles,  d'un  fort  aimant  permanent  ou  d'un  puissant  electro-aimant, 
on  pourrait  en  obtenir  un  courant  assez  intense  pour  traverser 
un  voltametre,  decomposer  une  certaine  quantite  de  sulfate 
de  cuivre,  rendre  incand&cent  un  fil  fin  de  platine,  etc.  Mais 
ce  qu'on  peut  obtenir  en  petit,  on  peut  I'augmenter  facilement 
en  grandissant  Tappareil,  en  accroissant  la  force  motrice,  en 
augmentant  Tintensite  d'aimantation  des  electro-aimants,  ou  des 
aimants  permanents  qui  determient  Taction  de  Tappareil  lui 
mfime,  et  Ton  peut  en  obtenir  alors  tour  les  merveilleux  effets 
qu'on  voit  se  produire  chaque  jour  dans  I'enceinte  de  ce  palais. 

Cest  de  Tapparition  de  ce  modeste  appareil  qu'on  peut  dater 
Torigine  de  la  plupart  des  machines  magn^to-electriques  et  des 
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machines  dynamo-electriques  qui  aujourd'htii  fournissent  si  abon. 
damment  la  lumi^re,  les  actions  cbimiques  et  la  force  dans 
beaucoup  d 'industries. 

Voila,  Messieurs,  tout  ce  qui  j'avais  ii  vous  dire  relativement  k 
la  machine  de  M.  Pacinotti.  Eyidemment,  elle  n'est  pas  un  grand 
instrument,  elle  n'est  qu'un  petit  modele,  raais  si  on  doit  juger  de 
rimportance  et  de  la  valeur  d*une  invention  non  pas  d'apres  la 
dimension  de  Tappareil,  par  lequel  on  Ta  realisee  d'abord,  mais 
d^apres  la  grandeur  des  resultats  qu*elle  a  produits,  je  crois  que  la 
petite  machine  de  M.  Pacinotti  pent  bien  £tre  regard^e  comme 
une  grande  invention,  qui  nieritait  d'etre  tiree  de  Toubli  oA  la 
modestie  de  son  auteur  Tavait  laissee  jusqu*ici. 

Je  dois  ajouter,  messienrs,  pour  les  personnes  qui  desireraient  avoir 
qaelques  ^laircissements  de  plos  sur  cette  question  que  M.  Pacinotti  se  fera 
un  plaisir  de  les  leur  donner. 

M.  Antoinb  Pacinotti  :  J'ai  besoin  d'exprimer  d'abord  ma  re- 
connaissance a  M.  le  professeur  Qovi  de  ce  qu'il  a  fait  pour  mettre 
en  evidence  ma  priorite  dans  la  construction,  Tusage,  et  Texplica- 
tion  de  Velectro-aimant  transversal;  et  pour  m'avoir  invite  h 
me  rendre  ici,  oil  j'ai  ete  re^u  avec  tant  de  bienveillance.  . 

Ma  reconnaissance  je  dois  la  temoigner  encore  h,  tous  les 
ingenieurs  constructeurs  qui  ont  produit  des  machines  electro- 
magn^tiques  et  magneto-electriques  d'apres  le  principe  de  mes 
electro-aimants  transversaux^  et  qui'en  ont  montre  de  la  sorte  toute 
rimportance. 

Enfin,  je  dois  exprimer  ma  reconnaissance  h,  toutes  les  per- 
sonnes  ici  presentes,  qui  ont  bien  voulu  prendre  quelque  interfit,  h 
Texpoeition  de  Torigine  et  de  la  th^rie  de  mon  electro-aimant 
transversal. 

M.  le  Pbesident  a  ajout^ :  Puisque  personne  ne  demande  la 
parole  il  ne  me  reste  plus  qu*^  exprimer  &  M.  le  professeur  Govi 
et  4  M.  Pacinotti,  au  nom  de  la  Society  des  Ingenieurs  T^le. 
graphistes  et  des  Electriciens,  nos  vifs  remerciments  pour  cette 
communication. 

Messieurs,  Tordre  du  jour  etant  epuise^  je  dois  annoncer  ^  nos 
membres  et  aux  savants  Strangers  qui  ont  bien  voulu  assister  aux 
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seances  de  notre  Societe  que  c'est  aujourd'hui  notre  derni^re  r^unioa 
dans  ce  local.  En  mdme  temps^  j'ai  le  plaisir  de  f^liciter  nos 
membres  du  succes  des  deux  reunions  qu'il  nous  a  ete  permis  de 
tenir  h  Paris  et  d'ezprimer  &  M&I.  les  savants  Strangers  notre  re- 
connaissance  pour  Thonneur  qu'ils  nous  ont  fait  par  leur  presence 
panni  nous,  et  surtout  aux  hommes  distingu^  qui  nous  ont  honore 
de  leurs  communications. 

Je  ne  puis  pas  terminer  sans  renouveler  nos  remerciments  les 
plus  sinceres  ^  M.  Cochery,  Ministre  des  Postes  et  des  Telegraphes, 
pour  Taccueil  bienveillant  qu'il  a  accord^  ik  notre  societe  et  pour 
I'empressement  qu'il  a  montr^  ^  mettre  &  notre  disposition  toutes 
les  ressources  de  TExposition. 

Nous  tenons  aussi  h  exprimer  encore  une  fois  h  M.  Berger, 
Commissaire  General  de  TExposition,  notre  reconnaissance  pour  le 
bonne  volonte  qu'il  a  sans  cesse  montr^e  ^  la  Societe  tout  enti^re 
aussi  bien  qn'ik  chacun  de  nos  membres  en  particulier  qui  a  dt 
faire  appel  ^  sa  bonte. 

Si  je  nomme  en  dernier  lieu,  M.  Breguet  parmi  ceux  auxquels 
nos  remerciments  sent  tout  sp^cialment  dAs,  c'est  que  nous  avons 
rhonneur  de  le  compter  au  nombre  des  membres  de  la  Society  des 
Ing&ieurs  Telegraphistes  et  des  Electriciens. 

La  stance  est  lev^ 
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The  Handled  and  Third  Ordinary  General  Meeting  of  the  Society 
was  held  on  Thursday  evening,  November  10th,  1881,  at  the 
Institation  of  Ciyil  Engineers,  25,  Great  George  Street, 
Westminster— PtofesBor  G.  C.  Foster,  F.B.S.,  President,  in 
the  Chair. 

The  minutes  of  the  two  Extraordinary  Meetings  held  in  the 
Electrical  Exhibition  at  the  Palais  de  rindustrie,  Paris,  were  read 
and  confirmed. 

The  Secsbtabt  announced  that  the  Council  had  transferred 
Mr.  James  Maokbnzib 
from  the  class  of  Associates  to  that  of  Members. 

The  fbUowing  paper  was  then  read : — 

ON  A  COMPLETE  SYSTEM  OF  SYNCHRONIZING  BY 
ELECTRIC  TIME  SIGNALS,  AS  NOW  ADOPTED  IN 
LONDON  AND  ELSEWHERE. 

By  J.  A.  Lund  (Member). 

The  subject  which  I  have  the  honour  to  bring  before  you  this 
evening  is  one  which  differs  materially  from  those  which  usually 
occupy  the  attention  of  this  Society.  It  evolves  no  new  discovery 
of  some  hitherto  unknown  principle,  and  advances  in  no  new  direc- 
tion the  existing  knowledge  of  electrical  laws ;  it  only  professes  a 
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humbler  sphere  of  action,  viz.,  an  attempt  to  demonstrate  the 
results  to  be  obtained  from  the  patient  use  of  a  very  limited  ac 
quaintance  with  the  science  of  electricity  when  brought  perseyer- 
ingly  to  bear  upon  aome  praptical  demand  of  daily  life. 

The  speaker  has  been  for  four  years  continuously  engaged  ia 
inventing  and  perfecting  a  system  for  ensuring  uniformity  of  time 
between  our  public  and  private  clocks,  and  he  submits  his  system 
of  time  signalling  and  synchronizing  as^  meeting  every  practical 
andreaaonable.  demand  for  that  end  ^    - 

So  much  is  said  at  times  about  "  synchronizing  "  being  '^  no 
new  things"  and  it  is  so  manifestly- juat  to  past  efforts  in  this 
direction  to  acknowledge  them,  that  a  short  statement  on  this 
point  is  both  right  and  necessary. 

Tbit  Patent  0£Sce  cpuld  al<Mie  fully  i^eveal  what  other  records 
so  abundantly  9faow,  that  the  attention  of  tiie  learliest  dectiidaDS 
was  a$  much^  devoted  to  "  syncjbjronazii^ "  clicks  as  to  miessage 
telegraphing ;  and  it  waa  omly  after  Tepeat0d  fidlures  in  the  Ibrmer, 
attended  by  as  marked  success  in  the  latter,  that  this  became  the 
favourite  field  of  the  electrician,  to  the  almost  entire  exclusion  of 
the  less  promising  ar^ia.  We  have  not  time^  nor  is  the  present 
the  proper  opportunity,  for  following  categorically  the  efforts  here 
referred  tQ;  wq  will,,  therefore,  for  tbe  present  purpose  of  a 
general  explanation,  divide  '*  electric  clocks  "  into  six  kinds. 

1.  Those  whose  motive  power  is  the  electric  current,  acting 
upon  what  is  usually  the  esbaj^m^nt,  and  iin|>ell{ng  the  haiids.  It 
has  no  pendulum.  Shepherd's  patent  is  a  good  examplis.  One  of 
them  is  the  well-known  dial  fixed  on  the  right-hand  side  of  the 
gates  of  the  Koyal  Observatory,  on  Greenwich  Hill,  and  where,  as 
there,  the  circuit  is  very  shorty  ^d  a  close  personal  attention  is 
given,  it  is  a  very  efficient  electric  dock.  '  ' 

2.  Those  whose  motive  t>ower  is  also  the  electric  current,  but 
in  which  it  acts  through  a  pendulum  upon  the  escapement  (exactly 
the  reverse  of  an  ordinary  clock),  and  thence  drives  the  hands. 
Mr.  Richie's,  of  Edinburgh,  Is  the  best  specimen  of  this  mode : 
several  have  been  erected  in  the  thoroughfares  pf  that  city,  worked! 
firom  the  Observatory,  and  have  acted  well. 

3.  Those  with  tin  ordinary  train,  with  a  weight  or  mainspring 
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as  the  souice  of  poweri  but  with  the  Tibrations  of  the  pendulum 
controlled  by  the  current.  This  is  the  plan  most  generally 
adopted,  and  is  the  sulgect  of  several  ingenious  patents. 

4.  Those  with  the  ordinary  motive  power  and  tram  work, 
but  regulated  to  a  small  gaining  rate,  the  clock  being  automati. 
cally  stopped  at  tfo  own  hour,  minute,  and  second,  but  instantly 
liberated  by  the  current  at  the  corresponding  true  time.  A  clock 
of  this  kind  formed  for  a  long  time  the  standard  of  time  at  Lorn* 
bard  Street  Post  Office,  the  clock  beiug  controlled  from  Qreenwich, 
and  reporting  itself  to  the  Observatory  after  every  **  set "  to  enable 
its  being  checked  there.  This  system  shared  the  fEtte  of  others, 
and  was  eventually  discarded,  and  the  dock  removed. 

5.  CSfocks  with  the  ordinary  train  and  motive  power,  but  in 
which  the  motion,  work  (the  wheels  carrying  and  regulating  the 
motions  of  the  hands)  is  acted  upon  by  an  electro-magnet,  acting 
by  driving  a  V  piece  into  a  notch  on  the  periphery  of  a  wheel.  It 
is  not  by  any  means  a  satisfactory  method,  and  has  never,  al. 
though  in  different  forms  the  base  of  at  least  six  patents,  been 
largely  adopted. 

6.  Clocks  of  the  ordinary  construction,  in  which  ths  hcmda  are 
set  to  Qreenwich  time  by  the  direct  action  of  the  current  acting 
upon  them.  Bain  first  attempted  this  plan ;  in  (act,  he  claimed 
(we  think  justly)  to  have  been  the  originator  of  electric  docks  : 
his  method  was,  however,  exceedingly  crude,  and  was  never 
adopted  in  practice. 

The  above  may  be  roughly  divided  again  thus— -clocks  driven 
by  the  electric  current,  docks  amtroUed  by  the  electric  current, 
and  docks  set  to  time  by  it. 

When  we  say  that  no  system  previous  to  that  about  to  be 
described  has  succeeded,  we  do  not  by  any  means  imply  that  no 
results  more  or  less  satisfactory  were  obtained,  nor  that  they  were 
in  any  instance  total  failures :  nothing  is  afaUwre  (certainly  not 
in  practical  sdence)  which  helps  to  lead  up  to  the  desired  end. 
By  saying  **  they  did  not  succeed,"  we  simply  state  an  undeniable 
faoty  that  no  one  of  them  obtained  a  footing  of  general  public 
acceptance:  circuits  of  the  narrowest  limits  and  clocks  in  the 
smallest  numbers  were  the  extent  of  these  efforts.    The  Wheat. 
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stQue,  in  London^  perhaps  went  ibe  greatest  length,  but  the 
speaker  questions  whether  25  clocks  were  ever  coupled  up  on  one 
distributor,  or  to  one  motor  even  under  it.  We  bdiew  that  some 
five  or  six  clocks  in  one  of  our  medical  schools  are  still  worked  by 
this  system  firom  a  local  motor,  but,  when  the  Wheatstone  Company 
sold  o£f,  the  attempt  to  work  the  system  publicly,  ended.  Wherein, 
we  ask,  lay  the  causes  of  this  want  of  success  1  We  belieye  that 
it  must  be  traced  principally  to  a  mistaken  desire  to  make  the 
dods  subservient  to  the  system,  instead  of  the  system  subservient 
to  the  do(k, — they  rather  tried  to  make  clocks  to  be  kept  right  by 
the  system  than  prepared  a  simple  system  to  set  the  clocks  right. 
What,  then,  are  the  criteria  of  a  successful  system  of  synchronizing, 
such  as,  whilst  claiming  the  sanction  of  science,  shall  obtain  the 
approbation  of  the  public  % 

1st,  and  pre-eminently,  the  clocks  must  each  have  a  vitality 
independent  of  the  time  signals  or  correcting  currents.  No  man 
of  business  would  tolerate  that  the  going  of  his  clock  should  be  at 
any  moment  liable  to  sudden  stoppage  by  some  breakdown  on  a 
telegraph  wire  or  pneumatic  tube ;  each  clock  must  be  able,  if 
temporarily  cut  o£f  fix>m  its  governor,  to  show  something  like  true 
time  when  left  to  itself,  until  at  least  the  breakdown  gang  can 
get  to  work,  and  couple  it  once  more  up  to  the  controlling  power. 

2nd.  The  system  must  be  capable  of  adaptation  to  existing 
clocks  of  the  most  divergent  type.  Fancy  facing  the  Directorate 
of  the  Great  Inter.Continental  Railway  Company,  Limited,  with 
the  statement  that  if  they  wish  to  mend  their  time  they  must  sell 
o£f  their  600  clocks  and  adopt  something  new,  and  only  better  in 
promise.  We  must  be  able  to  take  clocks  just  as  they  are  and 
where  they  are,  and,  leaving  them  still  to  do  what  they  already 
do  well,  ea/rry  the  hands  rou/nd;  our  place  is  only  to  see  they  do 
so  in  proper  time. 

3rd.  The  system  must  be  able  to  correct  the  clock  errors, 
whether  fast  or  slow.  The  idea  of  persuading  a  clock  to  oblige 
the  imperfections  of  your  system  by  always  keeping  one  fixed 
gaining  rate  of  some  small  and  arbitrary  quantity,  is  so  pre. 
eminently  foolish,  that  it  is  only  a  wonder  how  any  practical  head 
could  ever  have  wasted  its  thought  over  such  a  plan ;  for  if  our 
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friend  the  clock  would  only  keep  some  such  uniform  small  rate,  it 
would  not  want  sjmchronizing ;  a  minute  movement  of  the  pendulum 
bob  downwards  would  synchronize  it  for  ever !  But  the  trouble  of 
clockmakers  is  that  it  is  impossible  to  make  the  most  expensive 
standard  regulators  perfectly  steady  to  any  absolute  rate;  the 
ordinary  oflSce  dial  or  clock  positively  declines  any  such  absolute 
regularity,  even  in  its  faults.  It  is  a  poor  excuse  to  a  business 
man  that  his  clock  has  ^'gone  wrong,"  ''just  because  it  took  to 
loBing  a  few  seconds  a  day  instead  of  gaining  a  few."  The  times 
are  generally  fast,  the  time  often  slow,  and  we  must,  to  be  sue. 
ceesful,  be  able  to  set  our  clock  right,  whether  fast  or  slow. 

Other  advantages  may  be  gained,  but  no  system  which  does 
not  satisfy  the  above  three  criteria  can  by  any  possibility  obtain 
any  firm  footing  or  extended  application. 

Having  thus  hurriedly  cleared  the  way  a  little,  I  now  bring 
before  you  more  particularly  the  system  under  review  to-night, 
and  premise  my  description  by  asking  my  audience  to  particularly 
remember  that  I  shall  be  obliged  to  use  the  words  mode  and 
system  during  the  remainder  of  this  lecture,  each  with  a  dis. 
tinctively  different  meaning,  and  I  think  I  shall  justify  the 
assertion  that  no  previous  efforts  ever  got  beyond  a  mode:  it  never 
in  any  one  instance  developed  into  a  system.  This  [showing  a 
synchronizer]  is  my  mode  of  synchronizing  clocks:  my  system 
associates  it  with  various  instruments  you  see  here  on  the  table 
and  elsewhere,  which  I  shall  presently  more  fully  describe,  and 
whose  functions  are  to  ensure  a  certain,  true,  and  punctual 
delivery  of  time  signals  to  our  synchronizer.  The  Tnode  must  be 
systematically  worked. 

Hy  7M>de  of  setting  clocks  to  true  time  is  by  one  of  these 
instruments  which  I  call  a  ''synchronizer,"  and  which  forms  an 
automatic  finger  and  thumb  to  take  hold  of  the  hand  at  the  right 
moment  and  put  it,  fast  or  slow,  in  its  right  place.  It  is,  you 
see,  but  a  simple  little  machine  after  alL  The  trite  observation, 
not  seldom  made  when  it  has  been  shown,  has  been,  *'/8  that 
oU  r*  Yes ;  an  electro-magnet  and  keeper,  a  pair  of  levers,  and  a 
litde  finger  and  thumb  is  "all:''  it  is  "all"  that  is  wanted; 
more  would  be  superfluous,  less  impossible.    Simple  alike  in  con. 
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atruction  and  in  action ;  nothing  to  be  put  in  order,  nothing  to  be 
put  out  of  order,  it  needs  only  to  be  put  where  it  can  do  its  woik, 
and  then  left  to  do  it  with  as  little  interference  as  po88ibIe«  (See 
Plate  L,  Figs.  A,  B,  and  C.) 

Before,  however,  I  explain  more  exactly  how  to  fix  it  in  its 
place,  I  must  stay  a  few  moments  to  ask  you  to  note  that  the 
instrument  before  you,  as  a  mode  of  synchronizing,  exactly  fulfils 
our  stipulated  criteria. 

1st.  By  it,  by  a  simple  variation  of  size,  and  sometimes  some- 
what  of  form  to  suit  the  particular  clock  to  be  acted  on,  any 
number  of  clocks,  few  or  many,  of  any  varying  size  or  kind,  can  be 
synchronized  to  any  agreed  standard  timekeeper.  Mantelpiece 
clocks,  turret  clocks,  office  dials  of  every  c(mceivable  size  and  kind, 
succeed  one  another  upon  our  lines,  totally  irrespective  of  how 
they  come,  the  size  of  the  clock  making  no  difference. 

2nd.  These  clocks  are  kept  to  time  whether  having  otherwise 
either  a  gaining  or  a  losing  rate,  even  when  such  a  rate  amounts 
to  many  minutes  a  day,  having  two  pms,  or  thumb  as  well  as 
forefinger.  They  stand  guard  on  either  side  of  true  hourly  tinie, 
ready,  as  they  both  simultaneously  close,  either  to  push  back  the 
hand  if  too  fast,  or  push  it  forward  if  too  slow. 

3rd.  No  alteration  or  interference  with  the  clock  is  needed. 
The  synchronuser,  being  fixed  as  far  towards  the  end  of  the  minute 
hand  as  possible,  is  often  at  a  considerable  distance  from  the  dock 
movement ;  it  simply  requires  screwing  in  its  place,  and  the  slot 
for  the  passage  of  the  pins  cut  in  the  dial.  The  cost  of  furnishing 
is  thus  minimised,  no  small  consideration  where  a  large  number 
have  to  be  operated  on,  but  especially  advantageous  where  they 
have  to  come  into  use  in  provincial  towns  and  other  places  where 
skilled  electrical  labour  cannot  be  had;  and  I  claim  for  my 
synchronizer,  as  the  fi^t  ever  invented,  containing  vnihm  iiaelf 
all  its  parts,  and  being,  when  not  in  actual  momentary  use, 
absolutely  disconnected  from  the  clock. 

4th.  Any  failure  in  the  standard  clock  to  send  out,  or  the 
various  wires  to  transmit,  the  time  signals,  leaves  the  clock  goii^ 
in  the  ordinary  way,  to  be  set  to  time  by  the  next  completed 
current. 
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We  now  oome  to  explain  more  fiilly  the  manner  of  affixing  the 
syndironizer  to  the  clock,  and  to  call  attention  to  a  few  points  to 
be  looked  to  in  so  doing.  Without  touching  upon  the  special 
oireomstances  which  rarely  occur,  only  two  questions  arise :  should 
it  be  fixed  on  the  wood  of  the  case  or  the  back  of  the  dial  1  and 
oan  I  get  sufficiently  far  out  into  the  minute  circle  of  the  dial  to  be 
able  to  use  the  extreme  point  of  the  minute  hand,  or  if  not  I  must 
place  a  small  block  behind  it  for  the  pins  to  catdi  in  setting  the 
clock  ?  The  former  plan  is  far  preferable :  it  saves  time,  secures  th^ 
longest  possible  leverage,  and  allows  the  two  setting  pins  to  be  as 
long  as  posable,  viz.,  only  just  free  of  the  glass.  The  notch  should 
be  sufficiently  wide  to  allow  the  pins  certain  and  perfect  freedoni 
of  action. 

Beyond  this  there  ought  to  be  nothing  to  consider,  but  the 
generality  of  clocks,  and  notably  office  dials,  are  of  most  imperfect 
make,  with  faults  which  cannot  be  excused  even  when  not  intended 
for  being  synchronised.  The  first  and  principal  one  is  the  loose, 
ness  of  the  minute  hand  on  the  square  of  the  socket.  It  is 
evident  that  the  slightest  play  here  is  greatly  increased  at  the  end 
of  the  hand:  the  whole  of  this  play  is  of  course  so  much  lost 
accuracy  in  setting,  and  this  fit  of  the  hand  must  be  made  not 
better,  but  (ibBoluUlff  tight  The  hand  should  further  run  parallel 
with  the  dial,  which  it  seldom  does,  generally  owing  to  the  pin 
which  secures  it  being  made  much  too  taper,  and  so  tight  on  one 
side  and  loose  on  the  other;  this  pin  should  be  as  nearly  straight 
as  possible.  The  only  other  point  is  the  minute  spring,  which  is 
usually  left  thick  and  stubborn,  instead  of  being  thin,  hard,  and 
wdl  '*  set  up."  If  the  clock,  however  common,  has  been  originally 
made  and  finished  with  ordmaiy  care,  these  points  akould  require 
no  attention ;  in  point  of  fact,  however,  they  generally  do.  When 
thus  fixed  the  clock  with  its  synchronizer  appears  as  Plate  I.,  Fig.  D. 

I  have,  I  trust,  thus  made  the  explanation  of  our  mocb  of 
synchronizing  sufficienUy  plain,  and  I  now  go  on  to  justify  my 
assertion  that  a  complete  system  needs  to  be  arranged  and  developed 
if  the  mode,  however  perfect  in  itself,  iB  to  have  a  proper  success ; 
for  it  is  evident  that  synchronizing  is  a  matter  involving  a  good 
deal  more  than  a  cursory  consideration  would  lead  one  to  suppose. 
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Thus,  without  a  oorreot  standard  to  punctually  send  out  the  needed 
time  dgnabi  and  a  well-erected  and  well.maintained  system  of 
telegraphic  wires  to  transmit  and  deliver  them,  all  our  care  and 
deyemesB  in  sjmchronizing  would  be  vitiated  and  nullified;  and  I 
have  but  little  need  to  enlarge,  to  my  present  audience  at  least,  on 
what  is  inyolyed  in  such  a  system  of  telegraphic  wires, — ^the  perils 
of  wind,  weather,  ignorance,  mischief,  and  carelessness, — ^though  I 
hope  to  show  you  to  how  great  a  degree  the  effects  of  these  may 
be  minimised. 

To  speak  then,  first,  of  our  standards,  of  which,  as  I  shall  pre- 
sently  explain,  we  have  two,  they  should  be  the  best  and  simplest 
that  science  and  experience  can  produce, — gravity  escapements 
and  such  like  toys  for  amateurs  have  no  place  in  the  piece  of 
practical  time-keeping  we  want.  So  we  satisfy  ourselves  with 
Graham's  dead-beat  escapements,  high  numbered  pinions,  jewelled 
pallets,  and  careful  finish. 

I  will  now,  as  clearly  and  distinctly  as  I  possibly  can,  give  you 
a  detailed  description  of  the  instruments  involved  in  my  system. 

The  most  important  of  all  must,  of  course,  be  our  standard  or 
controlling  dock,  of  which  we  have  two.  Only  one  is  now  here ; 
the  other  is  a  similar  one  in  every  way.  The  one  is  called  tbe 
**  Standard,''  in  contradistinction  to  the  second  clock,  which  is 
called  the  ''  Lobby  Clock."  The  necessity  for  adopting  this  second 
dock  arose  from  the  iact  that  some  time  ago,  after  the  system  had 
worked  satisfactorily,  I  was  horrified  one  Monday  morning  to  find 
that,  owing  to  the  standard  not  having  been  wound,  no  signals 
were  sent  to  the  synchronizers.  The  possible  repetition  of  this 
difficulty  troubled  me  for  some  time,  until  the  idea  suggested  itself 
to  employ  a  second  standard  clock,  wound  up  at  a  different  time 
to  the  first,  and  so  reduce  the  risk  of  both  running  down  to  a 
TniTiinrmm.  I  gtUl  felt  dissatlsfiod,  and  thought  if  I  could  get  a 
system  by  which  a  breakdown  should  correct  itself,  the  difficulty 
might  then  be  fairly  considered  to  have  been  got  over.  This  is 
bow  the  arrangement  was  effected.  We  have  two  clocks,  which 
we  name  for  distinction  respectively  ''  Standard  "  and  *'  Lobby," 
and  connected  witli  them  an  arrangement  which  I  call  a  **  fault 
^nder,"  and  which,  as  you  see,  consists  of  three  instruments,  a 
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small  lever  timepiece,  and  two  indicatois  marking  '*  Standard/' 
"at  work,"—"  Lobby,"  "  shunted"  As  long  as  eyeiything  goes  right 
in  its  own  quiet  way,  the  indicators  carrying  the  words  "  at  work  " 
and  "  shunted  "  do  not  move.  B6t  should  the  "  standard  "  clock 
at  any  time  fail  to  do  its  business,  through  having  run  down, 
stopped,  false  contact,  or  any  occurrence  which  results  in  a  failure 
of  transmission  of  the  signal,  the  hand  of  the  small  timepiece 
proceeds  in  its  usual  course,  and  presently  the  indicator  drops  and 
shows  "Standard,"  ^^rn/isaed"  This  movement  is  well  so  far  as  it 
goes ;  but  it  does  more,  it  immediately  shunts  the  whole  system,  by, 
its  action,  from  clock  No.  1,  "  Standard,"  to  clock  No.  2,  "  Lobby," 
which  then  sends  out  the  next  signal,  and  in  doing  so  drops  its 
indicator,  "  Lobby,"  "  ai  work.'*  Ejiowing  the  possibility  of  dust 
getting  into  and  stopping  mechanism  of  this  automatic  nature,  I 
introduced  into  the  circuit  a  kind  of  "  arch  deceiver,"  a  little 
instrument,  which  at  eight  o'clock  each  morning  pretends  a  failure 
on  the  part  of  the  "  Standard  "  clock,  which  inmiediately  acts  on 
the  shunt ;  clock  No.  2  sends  out  the  9.0  a.m.  signal,  and  leaves 
the  indicators  thus :  "  Standard,"  *'  missed,"—"  Lobby,** "  at  work." 
On  arrival  at  the  office  each  morning  a  glance  shows  that  the 
various  detective  measures  are  in  working  order,  and  two  pull 
strings  instantly  readjust  the  dial.     (See  Plate  II.) 

The  most  perfect  immunity  from  non.transmission  of  signals  is 
thus  secured  even  in  the  middle  of  the  night,  when  no  one  is  in 
attendance  to  set  in  motion  anything  which  had  stopped. 

I  now  come  to  describe  an  instrument  of  great  value  to  a  busy 
man  who  has  to  deal  with  a  time-current  system.  It  ia  this,  that 
to  avoid  missing  the  opportunity  of  adjusting  time  when  the 
current  from  Qreenwich  is  received  (because  otherwise  engaged), 
I  have  introduced  an  "  automatic  error  recorder,"  consisting  of  a 
dotting  chronograph  with  split  hand  and  the  ordinary  inking 
arrangement,  which  makes  a  little  dot  wherever  it  points  when  the 
button  in  the  pendant  is  pressed  in.  At  a  few  minutes  before  ten 
the  little  dotting  chronograph  is  set  to  the  standard,  absolutely 
beat  for  beat.  It  is  then  placed  in  the  recording  instrument,  and 
when  the  signal  arrives  at  ten  o'clock  (which  is  the  truest  signal 
in  the  day),  it  rings  a  little  bell  and  makes  a  dot  on  the  dial. 
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which  dot^  and  not  the  hand,  remains  a  permanent  record  of  the 
error  of  the  standard  at  ten  o'clock  a.m.  (See  Plate  IIL)  Being 
now  in  possession  of  a  ''known  error,"  the  next  step  is  to  correct 
it,  which  in  the  ordinary  way  i^^by  setting  the  hands,  and,  when 
necessary^  a  slight  movement  of  the  adjusting  screw  of  the  pen- 
dulum  to  make  it  go  faster  or  slower  as  reqtdred.  But  a  clodc 
regulated  in  this  manner  is  a  source  of  constant  irritation,  as  the 
slightest  touch  to  the  pendulum  to  arrest  it,  for  instance,  if  a  few 
tenths  of  a  second  fast,  produces  a  new  variation  in  its  going,  a 
trouble  inherent  in  the  very  finest  regulators.  It  was  therefore 
found  necessary  to  devise  some  means  ioT  setting  a  standard  clock 
without  what  is  termed  any  "  physical "  contact  of  any  kind  at 
all.  The  earliest  attempts  in  this  direction  were  by  jumping 
small  weights  on  to  little  taUes  on  the  sides  of  the  pendulum. 
There  is  a  very  beautiful  dock  of  this  kind  at  Messrs.  Usher  & 
Coles',  Clerkenwell,  one  of  the  prettiest  mechanical  **  setters  "  I 
have  seen.  The  weights  are  jumped  on  or  o£f  the  table  by  triggers, 
and  as  soon  as  the  requisite  effect  has  been  produced  they  are 
jumped  off  again.  However,  that  plan  had  serious  defects,  and 
some  one  was  required  to  be  in  attendance:  sometimes  the 
weights  rebounded  off  the  tables,  and  so  on. 

The  credit  of  inventing  a  clock-setter  absolutely  without  any 
physical  or  mechanical  contact  with  the  pendidum,  lies  with  Sir 
George  Airy.  It  consists  of  a  permanent  bar. magnet  fixed  in  a 
vertical  position  on  the  pendulum  of  the  normal  clock,  and  a  coil 
of  covered  copper  wire,  without  an  iron  core,  known  as  a  resistance 
coil,  placed  also  in  a  vertical  position  immediately  underneath  the 
magnet,  is  fixed  to  the  clock  case.  The  coil  occupies  such  a 
position  that,  when  the  pendulum  hangs  at  rest,  the  end  of  the 
magnet  is  exactly  over  the  centre  of  the  coil.  At  every  vibration 
of  the  pendulum  the  lower  end  of  the  magnet  passes  close  over 
the  upper  end  of  the  coil.  The  wires  of  the  coil  are  led  to  a 
commutator  placed  in  the  computing-room.  By  turning  the 
handle  of  this  commutator  to  one  sidoi  a  battery  current  is  placed 
in  connection  with  the  coil;  by  turning  it  to  the  opposite  side 
the  direction  of  the  battery  current  is  reversed.  In  one  case 
there  is  attraction  between  the  adjacent  ends  of  the  magnet  and 
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coil ;  in  the  other  case  there  is  repulsion.  When  attraction  exists, 
the  pendulum,  being  continually  pulled  towards  the  centre,  is 
accelerated;  when  repulsion  exists,  the  pendulum,  being  continually 
driyen  irom  the  centre,  is  retarded.  When  the  handle  of  the 
commutator  stands  upright,  the  current  is  cut  off  from  the  coil, 
and  no  e£Eect  is  produced  on  the  pendulum. 

This  plan  is  a  long  way  in  advance  of  previous  ones,  completely 
avoiding  any  physical  interference  with  the  pendulum,  but  it  still 
requires  more  attention  than  is  compatible  with  my  plan  of 
doing  eveiything  as  tax  automatically  as  possible,  and  I  have  for 
several  years  used  the  following  modification  of  Sir  G.  Airy's  plan 
with  perfect  success : — ^My  instruments  consist,  besides  the  resist, 
ance  coil  and  magnet,  of  a  commutator  marked  '^  Standard''  and 
''Lobby,"  which  by  a  plug  operates  either  clock  by  one  set  of 
instruments;  a  commutator  marked  ''Fast"  and  "Slow,"  by 
which  the  effect  to  be  produced  on  the  clock  is  determined ;  and 
a  small  lever  timepiece  requiring  winding  only  once  a  year,  by 
which  the  exact  length  of  time  the  current  should  remain  on  can 
be  worked  off  (Plate  IV.,  Figs.  1,  2,  3,  4).  By  these  means,  one 
attention  to  the  instruments  is  alone  required,  and  as  soon  as  the 
clock  is  to  true  time,  the  current  goes  off,  and  no  further  effect 
can  be  produced  than  was  determined  as  needful. 

We  have  now  corrected  our  clock  to  Greenwich  time,  and  are 
now  prepared  to  distribute  true  time  signals  for  this  purpose.  I 
have  gone  in  a  different  direction  to  the  chronofer  used  at  the  Post 
Office.  My  instrument  is  only  five  inches  by  two;  a  circular 
wheel  in  shape,  and  I  call  it  a  "  distributor."  I  divide  London 
into  twelve  distinct  circuits  or  districts.  The  signals  sent  over 
these  circuits  (each  circuit  having  its  own  battery  and  line) 
amounts  to  over  7»000|000  since  the  instrument  before  you  was 
fixed.  It  is  something,  I  think,  to  be  able  to  say  for  a  little  in. 
strument  like  that,  that  it  distributes  time  from  the  extreme  south 
of  Eennington  to  the  extreme  north  of  Hoxton,  and  from  the  man- 
sions of  the  rich  in  the  west  to  the  docks  in  the  east :  the  whole 
area  (with  one  exception  at  the  West-end)  is  worked  firom  the 
little  instrument  before  you.     (See  Plate  lY.,  Fig.  5.) 

We  all  know  what  "  burning  "  points  are,  and  I  should  like  to 
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mention  one  matter  in  the  hope  that  some  of  the  scientific  gentle- 
men  present  may  be  able  to  explain  it.  When  the  means  of  die- 
tributing  at  present  used  were  first  adopted,  we  were  warned  that 
the  contact  springs  of  our  little  distributor  would  bum,  and  very 
great  care  was  taken  in  looking  after  the  cleanness  and  brightness 
of  those  contacts ;  but  through  pressure  of  business  this  carefulness 
was  relaxed,  and  nothing  was  done  to  the  contact  springs  for  some 
six  months,  and  it  was  with  great  fear  that  I  then  looked  to  see 
what  condition  they  were  in.  To  my  surprise  I  found  that  each 
contact  had  its  volcano  and  crater  [drawing  sketch  on  board]. 
This  was  the  result  of  the  platina  spring  burning  when  contact 
was  made  with  the  gold  screw  underneath.  The  bottoms  of  the 
craters  were  perfectly  bright,  and,  if  large  enough,  I  suppose  yoa 
could  have  seen  your  face  in  them,  and  so  I  found  that  we  had  better 
leave  the  springs  alone  till  they  have  burned  a  hole  through.  The 
contacts  are  found  in  practice  to  keep  bright  and  dean  so  as  to 
cause  no  hindrance  at  all  to  the  transmission  of  the  signal. 

The  Pkbsident  :  What  is  the  metal  you  use  ? 

Mr.  LuKD :  Platinum  and  gold.  As  to  the  lines,  the  only 
point  of  interest  is  that  we  are,  as  far  as  possible,  endeavouring  to 
work  what  are  called  metallic  circuits.  We  start  from  one  of  the 
springs  on  the  distributor,  travel,  say,  down  Goswell  Road,  back  to 
the  City  Boad,  and  return  again  to  the  distributor,  making  the 
complete  circuit  without  a  return  earth  current.  The  advantage 
of  this  arrangement  is  that  in  case  of  a  thunderstorm  there  is  no 
possibility  of  the  lightning  attacking  the  wire.  Lightning  but  very 
rarely  attacks  a  wire  open  at  one  end,  whilst  a  wire  open  at  both 
ends  is  perfectly  safe.  Such  a  wire  gives  further  advantages  in 
the  way  of  testing,  and  in  the  economical  use  of  battery  power. 
We  have  not  yet  succeeded  in  supplying  all  London  with  loops  of 
this  kind,  but  have  very  nearly  so. 

We  further  utilise  these  metallic  circuits  thus:  we  have,  say,  a 
looped  metallic  circuit  starting  from  Cornhill,  going  by  the  City 
Boad  to  Old  Street.  The  comer  of  Old  Street  is  the  most 
important  centre  in  that  neighbpurhood,  and  from  it  we  have 
erected  brandi  lines,  varying  in  direction  and  number,  to  supply 
what  may  be  called  the  subordinate  circuits,  and  it  used  to  be 
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neoeasary  to  send  onoe  a  week  to  see  if  these  lines  were  in  proper 
working  order.  To  obviate  this,  and  as  I  always  prefer  using 
aatomatic  action,  I  was  determined  to  see  whether  I  oonld  not 
make  the  branch  lines  automatically  report  their  condition  to  the 
central  office  in  Comhill.  I  was  told  that  such  a  thing  was 
impoflsibley  but  I  have  nevertbeless  succeeded  in  obtaining  the 
desired  end.    The  arrangement  is  as  follows : — 

In  this  arrangement  two  clocks  and  an  indicator  are  employed. 
The  indicator  and  one  clock  are  in  the  instrument-room,  and  the 
other  one  at  the  place  where  branches  come  into  the  main  circuit. 
At  a  given  moment  the  latter  automatically  breaks  open  the  loop, 
takes  the  first  half  of  the  line,  and  connects  it  to  brandi  line  No. 
1;  at  the  same  exact  time  the  clock  in  the  instrument-room 
connects  the  indicator  No.  1  to  a  small  battery,  and,  if  all  iV  in 
working  order,  the  indicator  flies  open  and  announces  the  fact,  and 
so  on  for  the  required  number  of  branch  lines.  This  arrangement 
is  repeated  twice  a  day,  9  a.m.  and  9  p.m.,  to  Tprove  the  working 
condition  of  the  branch  lines  emanating  from  the  main  line.  I 
think  I  am  justified  in  saying  that  this  is  the  first  attempt  made  to 
automatically  test  branch  lines  at  the  middle  of  a  main  line,  with, 
out  any  one  in  attendance. 

(The  9  o'clock  time  signal  has  just  gone  through,  and  Mr. 
Webb  reminds  me  that  I  was  to  show  you  how  the  several  clocks 
yoQ  see  here  were  adjusted  in  one  circuit.  I  had  all  the  clocks  in 
the  room  set  to  different  times  in  the  same  hour,  and  intended  to 
draw  your  attention  to  the  passing  of  the  signal,  but,  unfortunately, 
the  8  o'clock  current,  which  I  had  shunted  off,  was  by  some  mis- 
take  shunted  on  again,  and  allowed  to  go  through  them,  and 
consequently  my  arrangement  was  upset  as  the  adjustment  was 
prematurely  brought  about.) 

I  have  shown  you  that  we  have  a  perfect  standard  clock,  as 
near  as  possible  a  perfect  distributor,  and  that  we  have  automatical 
reports  to  say  whether  the  wires  are  doing  their  duty  or  are  broken 
down.  We  now  come  to  the  various  modes  adopted  to  utilise  the 
signals  when  they  arrive.  As  a  general  rule  the  signal  is  used  for 
synchronizing  (there  are  some  400  synoh/romzera  in  use  in  London), 
but  in  some  few  cases  it  is  preferred  to  have  a  visual  or  oral  signal* 
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The  first  one  of  the  latter  kind  put  up  was  in  connection  with  the 
Stock  Exchange.  The  clock  there  was  synchronized  with  the  idea 
of  always  using  it  for  time  bargains,  but  a  dispute  arose  sometimes 
between  members  as  to  the  fraction  of  a  minute.  A  bell  was 
proposed  and  fixed,  but  the  hubbub  usually  prevalent  on  the 
Exchange  prevented  the  bell  being  heard.  An  appeal  was  made 
to  me,  and  I  suggested  a  small  time-ball  to  fall  down  as  a  standard, 
but  I  was  warned  that  the  members  would  inevitably  use  it  as  a 
target  for  missiles,  and  so  that  idea  was  abandoned.  I  then 
suggested  a  flashing  agnal,  i.e.,  a  red  disc  fixed  so  as  not  to  be 
visible  in  its  normal  positicm,  but  which  should  be  brought  into 
full  view  by  the  passing  of  the  time  signal,  and  remain  so  for 
three  seconds.  That  plan  answered  its  purpose  perfectly,  and  for 
the  past  three  years  all  time  bargains  on  the  Stock  Exchange  have 
been  settled  by  it. 

Time- balls  I  need  not  much  comment  upon :  they  have  gone  out 
of  fashion  very  much  on  account  of  the  trouble  of  pulling  up  the 
ball  by  hand^  as  is  usually  done,  or  the  frequent  winding  up  of  the 
clockwork.  However,  to  suit  demands  that  arise,  we  have  nearly 
perfected  one  which  for  one  signal  a  day  will  need  winding  up 
only  once  a  month,  and  with  greater  frequency  according  to  the 
extra  signak  a  day.  It  is  arranged  that  as  soon  as  the  ball  arrives 
at  the  top  it  immediately  stops  the  clockwork,  thus  avoiding  useless 
running.  On  arrival  of  the  current  the  ball  drops,  sets  the  clock- 
work in  motion,  and,  after  being  down  five  minutes,  begins  to 
ascend,  and  on  arriving  at  the  top  of  the  standard  the  clockwork 
motion  ceases  till  the  arrival  of  the  next  current. 

As  to  how  far  this  system  can  be  utilised,— of  course  in  London 
the  distances  are  comparatively  short,  ranging  from  a  few  yards  to 
a  mile  or  two,  but  to  show  to  what  extent  it  is  available,  I  may 
mention  tbat  a  clock  has  been  s3mchronized  at  Dumbarton  (a 
distance  of  400  miles)  for  two  years,  without  a  single  failure.  I 
have  recently  received  a  most  eulogistic  letter  from  the  town-derk 
of  that  place,  saying  that  everybody  is  delighted  with  the  arrange- 
ment, which  still  works  perfectly  satisfactorily. 

I  was  asked  a  little  while  ago  to  get  a  gentleman  out  of  a 
dilemma.    He  said  there  was  frequent  trouble  with  his  workmen 
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about  time,  and  asked  if  I  would  synchronize  his  dock.  I  did  so, 
but  the  men  were  not  satisfied,  and  said  the  timekeeper  did  not 
always  know  when  the  signal  went  off.  It  then  became  necessary 
to  adopt  an  automatic  timekeeper,  and  this  took  the  shape  of  a  set 
dt  ordinary  vibrating  electric  bells,  connected  with  a  ringing  clock 
and  a  commutator  iJoUh  three  Av/rUa  in  it,  marked  '*  Sunday  "— « 
**  Week-days  "—**  Saturday."  These  shunts  were  employed  to 
switdi  off  the  current  for  such  days  as  Sundays,  Bank-holidays,  or 
8a(ttirday  afternoons,  when  signals  were  not  required.  [The  system 
^as  illustrated  and  explained  by  apparatus  on  the  table.] 

'  I  have  endeavoured  to  show  you  some  of  these  matters  in  detail, 
and  you  will  have  perceived,  as  I  said  at  the  commencement,  that 
there  is  nothing  very  new  except  the  application  of  electricity  to 
oany  out  some  of  the  necessities  of  everyday  life.  It  has  been  a 
matter  of  four  years  in  working  these  things  out.  It  of  course  seems 
very  easy  when  it  ia  done,  but  it  has  required  a  great  deal  of 
diooght  sometimes  to  discover  how  to  get  over  these  various 
di£Bculties,  and  I  claim,  not  for  myself  personally,  but  for  London, 
t^ecity  in  whidi  I  live^  and  for  England,  my  native  country,  that 
it  has  the  largest  and  most  perfect  system  of  synchronized  clocks 
in  existence. 

•  'I'SiB  Chables  Bbight  :  In  expressing  my  thanks  to  Mr.  Lund 
fit  hiS'Very  excellent  paper,  I  should  like  to  refer  to  a  system  of 
Uttie  regulati(»i  in  use  many  yeiurs  ago,  which  appeared  to  me  at 
the  time  (and  I  have  no  reason  to  change  my  opinion)  to  be  the 
amplest  metiiod  of  regulating  clocks  by  electricity.  It  was  that 
of  Mr.  R  L.  Jones,  who  in  1857  patented  a  system  of  regulating 
clocks  which  is  no  doubt  known  to  Mr.  Lund.  It  was  applied  at 
that  time  in  Liverpool  to  some  extent  ^to  regulate  some  eight  or 
ten  clocks),  and,  I  believe,  is  still  at  work  in  the  Post  Office  there, 
if  not  for  the  same  number,  to  some  extent.  It  consisted  of  a 
standard  clock,  fixed  at  the  Liverpool  Observatory,  under  the 
charge  of  Mr.  Hartnup,  the  astronomer  there.  Each  movement 
of  the  standard  clock  sent  a  current  of  one  kind  or  the  other.  The 
system  of  regulation  which  Mr.  Lund  has  described  is  a  periodical 
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adjustment,  with  long  periods  of  non-adjostment,  the  currents 
being  sent  every  hour,  if  I  understood  the  description  correctly— 

Mr.  Lund  :  Yes* 

Snt  Chables  Bbight:  And  that  a  finger,  or  something 
equivalent  to  it,  takes  hold  of  the  hand  and  moves  it  backwards 
or  forwards  as  the  case  may  be.  The  system  of  which  I  am 
speaking  differed  in  this  respect,  that  the  regulation  was  con* 
tinual*  The  power  required  for  the  r^ulation  was  veiy  small, 
because  it  was  only  requisite  to  control  a  pendulum  of  a  clodc 
with  ordinary  works  by  currents  sent  from  the  standard  clock 
each  second.  Each  of  the  clocks  thus  regulated  had  a  pendulum 
bob  like  that  of  the  motor  pendulum  in  a  Bain  clock,  and  a 
comparatively  feeble  current  from  one  or  two  cells  controlled,  and 
I  believe  still  regulates  the  clocks  perfectly,  advancing  their  speed 
or  retarding  it  in  unison  with  the  standard  dock  at  the  Observa- 
tory. This  clock  controlled,  among  others,  the  Liverpool  Town 
Hall  clock  (a  ricketty  old  piece  of  mechanism,  which  used  pre. 
viously  to  stop  sometimes,  by  the  action  of  the  wind  upon  the 
hands),  a  very  good  clock  on  the  Exchange  flags,  and  a  large 
clock  in  the  tower  at  the  docks,  besides  several  clocks  inter, 
mediate  on  the  circuit.  That  system  continued  to  work  exceedingly 
well  during  the  12  or  13  years  that  I  had  to  do  with  it,  and  I 
believe  has  continued  to  do  so  under  the  charge  of  the  Oovemmeni 
The  system  has  the  advantage  of  great  simplicity.  You  have  only 
to  take  any  magnetic  pendulum  bob  and  two  small  magnets,  and 
you  have  the  whole  apparatus  necessary.  I  cannot  think  of  any 
more  simple  method,  and  certainly  none  would  work  better  as  a 
fixed  regulator  from  which  any  one  could  adjust  his  watch  or  clock, 
at  any  moment  in  the  hour,  to  a  second ;  and  I  think  myself 
subject  to  correction  from  other  people's  experience,  that  that  is 
the  best  form  of  regulation  if  you  are  going  for  a  true  system  of 
regulation.  Of  course,  if  it  is  desired  to  use  a  wire  for  other 
purposes,  and  to  have  an  occasional  setting  of  hands  (which  I  do 
not  consider  a  complete  system)  during  the  intervals  between 
which  people  may  lose  a  train,  for  example,  then  perfection  must 
give  way  to  economy. 

The  President  :  I  shall  be  glad  to  hear  any  further  observa. 
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ti<Hi8  on  Mr.  Lund's  very  interesting  communication.  He  has 
pointed  out  many  practical  difficulties  which  have  occurred  in 
developing  his  system  of  regulating  clocks,  and  the  way  in  which 
they  have  been  overcome.  We  have  many  members  present  who 
are  competent  to  criticise  Mr.  Lund's  arrangements,  and  to  point 
out  defects,  if  any  still  remain.  As  Mr.  Ltmd  has  said,  the  merit 
of  such  a  system  must  depend  upon  the  way  in  which  the  practical 
details  are  carried  out.  There  is  no  matter  of  principle  involved, 
but  the  difficulty  in  such  a  case  is  to  apply  known  principles  in 
such  a  way  as  to  produce  the  effects,  and  that  apparently  Mr.  Ltmd 
has  done  with  very  great  success. 

Mr.  A.  Stboh  :  I  have  listened  with  great  pleasure  to  Mr.  Lund's 
interesting  paper,  and  I  perfectly  agree  with  him  that  clocks  ought 
simply  to  be  controlled  by  the  electric  current.  One  great  advan. 
tage,  which  Mr.  Lund  did  not  mention,  of  this  system  seems  to  be, 
that  the  line  wires  employed  in  it  can  be  used  for  telegraphic 
messages,  or  anything  else,  when  not  in  use  for  the  controlling 
of  the  clocks,  which  takes  only  a  very  short  space  of  time  indeed 
in  every  hour.  A  system  of  the  kind  spoken  of  by  Sir  C.  Bright 
has  not  this  advantage,  because  the  wire  is  employed  continuously. 
I  should  like  to  ask  Mr.  Lund  one  question.  These  clocks  may  go 
fast  or  slow,  and  are  sot  right  every  hour.  Has  anything  been 
done  to  endeavour  to  shorten  or  lengthen  the  pendulum  at  the  same 
time  when  the  setting  of  the  hands  takes  place?  If  the  time 
current  could  be  made  to  adjust  the  pendulum  as  well  as  the  hands, 
the  clocks  would  eventually  become  so  regulated  that  they  would 
neither  gain  nor  lose,  and  the  occurrence  of  a  breakdown  in  the 
transmission  of  the  signal  would  be  of  little  moment. 

Mr.  Waltee  H.  CtoMlN,  F.C.S. :  I  trust,  Mr.  Chairman,  though 
not^yet  an  elected  member,  I  may  be  allowed  to  make  a  remark 
called  forth  by  Mr.  Stroh's  enquiries,  without  anticipatmg  Mr. 
Lund's  reply.  Some  years  ago,  before  I  was  aware  of  Mr.  Lund's 
system  of  synchronizing  clocks,  I  was  connected  with  an  attempt 
in  America  to  do  a  similar  thing.  We  attempted  both  to  set  the 
hands  to  correct  time  and  r^ulate  the  length  of  the  pendulum. 
We  accomplished  the  setting  of  the  hands  by  a  method  similar  to 
Mr.  Lund's,  but  perhaps  more  simple.    We  also  had  an  arrange. 
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ment  by  whioh^  when  the  hand  was  behind  time,  the  electrical 
ourrent  was  sent  in  one  direction  and  shortened  the  bob ;  if  the 
hand  was  ahead  of  time,  the  current  went  in  the  other  direction 
^nd  the  bob  of  the  pendulimi  was  lengthened ;  and  thus  any  error 
accummulating  by  difference  of  temperature  was  continually 
neutralised,  and  also  the  regulation  was  proportional  to  the  error 
of  the  clock.  If  the  clock  was  very  slow,  the  pendulum  would  be 
shortened  more ;  if,  on  the  other  hand,  the  error  were  veiy  small, 
the  correction  would  be  very  small.  It  was  so  arranged  that  if  the 
eraoi  was  within  a  certain  limit  there  would  be  no  correction  what- 
ever, but  the  whole  was  merely  experimental  and  finally  abandoned. 
I  merely  mention  it  because  it  was  interesting  from  a  scientific 
point  of  view,  and  might  perhaps  overcome  some  objections  in  Mr. 
Lund's  system.  One  seems  to  me  that  if  a  dock  is  continually 
going  slower  or  faster,  or  a  correction  or  two  is  missed,  a  time  will 
come  when  the  hand  will  be  in  such  a  position  that  one  of  the  little 
'*  fingers,"  instead  of  regulating,  will  be  jammed  at  the  top  of  the 
hand,  and  the  dock  will  be  stopped.  Whereas,  if  the  possible 
error  could  be  kept  within  certain  limits,  by  ccurecting  the  pen- 
dulum as  Mr.  Stroh  suggests,  it  could  never  happen  that  the  hand 
would  be  jammed  by  the  apparatus,  and  the  accidental  omission  or 
suspension  of  the  current  would  be  less  serious.  I  must  apologise 
for  the  time  I  have  occupied  in  making  these  remarks. 

Mr.  0.  S.  Cbiswiok,  F.KA.S. :  I  should  like  to  make  a 
remark  in  reference  to  what  Mr.  Lund  said  as  to  the  contact 
springs  in  his  distributor.  At  Greenwich  we  did  not  find  the 
difficulty  anticipated  by  Mr.  Lund — ^want  of  contact ;  but,  on  the 
contrary,  the  fusing  of  the  noetal  made  a  continuous  connection, 
and  a  constant  current  was  set  up  which  to  us  was  ruinous.  The 
difference  between  Mr.  Lund's  experience  and  ours  may  be  t^ 
Mr.  Lund's  springs  are  stiffer  than  ours.  That  difficulty  has  been 
got  rid  of  to  a  great  extent  by  introducing  a  resistance  coil  of 
about  six  times  that  of  the  circuit,  which  seems  to  kill  the  spark 
and  enables  us  to  get  on  comparatively  comfortably.  The  firequent 
sticking  of  the  springs  caused  by  fusion  of  the  points  of  contact 
was  the  great  difficulty  we  had  to  contend  with. 

The  Peesidbnt  :  The  coil  is  inserted  as  a  shunt  to  the  circuit  \ 
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Mr.  Cbiswxck:  Yes;  the  coastant  current  not  orXy  caused  ^ 
fekUure  of  the  chronographic  register,  but  alwa^^  disturbed  the  rat^ 
Qf  the  dock. 

Mr.  J.  A.  LuND:  Before  replying,  Mr.  President,  I  would 
apologise  for  having  omitted  to  give  an  explanation  of  this  large 
circular  instrument  before  you.  It  is  what  we  call  a  fault-finder. 
It  consists  of  a  number  of  drop  indicators,  correspondii^  with  the 
number  of  springs  on  the  distributor.  The  instrum^it  achieves 
the  curious  result  of  making  a  broken  line  report  its  own  break* 
down.  Two  chattering  bells  (tuned  to  a  fifth)  are  joined  up  in 
circuit,  and  as  long  as  the  signals  pass  through  and  all  goes  well, 
the  bells  are  silent,  but  should  a  breakdown  ocour  on  one  of  the 
wires,  five  minutes  after  it  happens  both  the  bells  ring  violently 
until  attention  is  given,  and  owing  to  this  speedy  announcement  of 
failure  it  seldom  happens  that  we  have  breakdown^  lasting  raoitk 
than  two  hours. 

[The  detail  connections  of  the  instrument  were  desoribed  onr 
the  board.] 

I  have  not  much  to  say  in  reply  to  what  has  been  said,  but  I 
will  take  up  one  point.  It  has  been  suggested  that  the  clock 
should  Mso  be  ]:egulated  if  possible. .  NoW|  those  who  know  what 
asystem  of  synchronizing  is,  will,  I  think,  upon  consideration,  sayr 
at  once  that  it  is  practically  impossible  to  do  so,  for  this  reason, 
that  you  must  in  that  case  have  pendulums  of  one  length,  or  at  all 
events  of  two  lengths,  half-seconds,  and  seconds.  You  cannot  con. 
^ect  up  a  dinipg-room  clock,  an  American  dial,  a  large  dial  clock; 
and  so  on,  with  each  other :  it  is  impossil^le  to  send  a  current  to 
affect  the  pendulums  of  all  three  in  equal  time  and  in  equai  pro. 
portion..  We  have  ourselves^  made  a  great  j^aany  experiments  in 
this  direction,  and  have,,  I  think,  hit  upon  something  .(which, 
perhaps,  on.  a  future  occasion  I  may  have  the  opportunity  of  laying 
before  the  Society)  by  which  we  shall  be  able  to  check  a  clocks 
but  the  experiments  have  not  so  far  been  such  that  enable  me  to 
explain  to  you  at  present. 

There  was  one  very  important  remark  ma  je  by  Mr.  Stroh  with 
reference  to  a  point  which  X  purposely  left  out  to  see  whether  it 
was  noticed — ^I  mean  with  reference  tq  using  time-current  wiffepi 
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for  telegraph  or  telephone  purposes.  Experiments  in  this  direction 
have  been  made,  through  the  kindness  of  the  United  Telephone 
Company,  between  our  estabUshment^  41,  Comhill,  that  Com- 
pany's offices  at  Coleman  Street,  City,  Broad  Street,  and  Yictoria, 
upon  a  circuit  on  which  clocks  were  synchronized  and  telephonic 
communication  carried  on  with  perfect  success. 
I  have  a  telephone  in  this  room  [turning  to  it]. 
The  Pbxsident  (speaking  through  telephone) :  Who  are  you, 
and  where  are  you  1 

Answer :  Barraud  &  Lund's  agents ;  office,  Pall  Mall. 
Mb.  Lxtnd  :  The  circuit  extends  from  Pall  Mall  to  this  room^ 
with  telephones  at  each  end,  and  ten  clocks  in  circuit  in  between, 
at  various  points  along  the  line. 

The  only  remaining  remark  worth  detaining*  you  for  is  with 

reference  to  Sir  C.  Bright's  observations  about  Mr.  Jones's  system. 

I  think  I  was  correct  when  I  said  at  the  beginning  (and  I  most 

heartily  say  it)  that  every  one  that  helps  forward  any  result  of  this 

kind  ought  to  be  recognised.    If  a  man  makes  an  attempt  to  do  a 

certain  thing  and  miserably  fails,  he  has  not  utterly  failed,  for  the 

reason  that  he  has  enabled  some  one  after  him  to  avoid  making  the 

same  mistake.    And  therefore  I  say  that  those  who  have  laboured 

before  myself  deserve  all  credit  for  their  patient  perseverance, 

and  perhaps  more  than  myself,  because  they  have  been  willing 

very  often  to  take  failure  and  still  plough  on,  endeavouring  to 

succeed.    But,  as  an  answer  to  Sir  C.  Bright,  I  would  say  that  Mr. 

De  laBue,  who  for  a  long  time  was  known  as  the  most  determined 

adherent  of  a  slightly  modified  Jones's  system  used  on  a  private 

wire  between  Greenwich  and  Bunhill  Bow,  sent  for  me  about 

18  months  ago,  saying  that  he  had  tried  the  system  in  every 

way,  but  that  it  was  a  total  failure,  and  he  instructed  us  to  remove 

it  and  replace  it  by  our  system.    I  did  so,  and  it  gives  evexy 

satisfaction.     Continuous  control  currents  cannot   be  used    on 

account  of  the  varying  lengths  of  the  pendulums,  and  I  therefore 

still  adhere  to  my  opinion,  that  we  have  followed  the  best  plan  to 

allow  the  clock  to  jog  along  (I  do  not  care  what  kind  of  clock  it  is) 

for  an  hour,  and  if  at  the  end  of  the  hour  it  has  not  done  quite 

what  it  ought  to  do,  we  set  it  right  and  let  it  go  on  again.    If  it 
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gains  we  put  it  back,  and  if  it  loses  we  pat  it  forward,  and  so  we 
are  enabled  to  keep  correct  time  at  all  places  where  the  syn- 
chrpnisers  are  fixed. 

Sir  C.  T.  Bbiqht  :  I  call  that  setting  a  clock,  not  regulating  it. 

A  hearty  vote  of  thanks  was  accorded  to  Mr.  Lund  for  his 
paper,  which,  Mr.  Lund  said,  went  a  long  way  towards  repaying 
him  for  his  labours  in  producing  the  results  he  had  shown. 

A  ballot  for  new  members  then  took  place,  when  the  following 
gentlemen  were  elected ;  and  the  meeting  adjourned  until 
Thursday,  Noyember  24th,  when  a  report  on  the  International 
Exhibition  of  Electricity,  by  Sir  C.  T.  Bright  and  Professor  D.  E. 
Hughes,  F.R.S.y  was  announced  to  be  read : — 


As  Foreign  Members: 


Don  Enrique  de  Arantave. 

William  D.  Baldwin. 

Don  Jose  Battle. 

Louis  Marcelin  Borgon. 

Don  Saturnine  Islas  y  Bustamente. 

Silyanus  Gotendorf. 

A.  Tan  Hasselt. 


M.  L.  Hellings. 

Captain  Johnke. 

F.  W.  Jones. 

E.  Mercadier. 

Don  Cristobal  Ortiz. 

Don  Engenio  Fortun  y  Yarona. 

Philip  Walker. 


As  Members: 


Thomas  Cushing,  F.B.  AS. 
Professor  Qeoige  Forbes,  F.R.S.E. 
James  E.  H.  Gordon,  B.A. 
Killingworth  Hedges. 


John  Hopkioson,  M.A,  D.Sc.| 

F,R.S. 
James  Nelson  Shoolbred,  B.A,, 

M.  Inst.  C.E. 


AsAssooiates: 


Lieut.  Ralph  W.  Anstruther,  R.E. 
Evelyn  D.  D.  Berrington. 
Walter  H.  Coffin,  F.C.S. 
Joseph  G.  S.  Cunnington. 
Francis  E.  Gripper. 
W.  Tighe  Hamilton. 
Lieut.  Christopher  T.  Hawker, 
R.E. 


Ernest  George  Hebbert. 
H.  L.  Hitchcock. 
William  Leon  Madgen. 
J.  Kenneth  D.  Mackenzie. 
Alexander  Charles  Moffatt. 
Mark  Ruddle. 
Colonel  J.  G.  Sandeman. 
William  Oliver  Smith. 
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l?he  Hundred  and  Tourth  Ordinary  General  Meeting  of  the  Society 
was  held  on  Thursday  evening,  November  24th,  1881,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street,  West- 
minsters—Professor Q.  C.  FosTEE,  F.R.S.,  Preadent,  in  the 
Chair. 

.   The  minutes  of  the  last  meeting  having  been  read.a^dcon- 
firmed, 

*  The  Seobetaby  amiounced  that  the  following  gentlemen  had 
been  transferred  by  the  Coimcil  from  the  class  of  Associates  to  that 
of  Members  :— 

Lieutenant  PHILIP  Caedbw,  E.E. 

R,  K.  CSWMPTON. 

J.  Flbtoheb  Moulton,  F.R.S. 
The  Seceetaby  then  read  the  following  paper : — 

REPORT  UPON  THE  INTERNATIONAL  EXHIBITION 

OF  ELECTRICITY  IN  PARIS,  1881. 

By  Sir  Chablbs  Bbight,  M.I.C.E.,  and  Professor  HUOHES,  F^R^Sw 

(Members). 

The  important  part  taken,  by  this  Society  in  regard  to  the 
British  section  of  the  International  Exhibition  of  Electricity  at 
Paris,  appears  to  call  for  some  record  in  the  Journal  of  the 
Society;  and  as  many  of  our  members  were  unable  to  see  that 
unprecedented  collection  of  industrial  applications,  now  being  dis. 
persed  to  all  parts  of  the  world,  we  have  (with  the  approval  of  our 
colleagues  on  the  Council)  drawn  up  a  statement  of  the  circum- 
stances  attending  the  Society's  connection  with  it,  and  a  description 
of  some  of  the  more  prominent  machinery  and  apparatus. 

The  Exhibition  was  first  authorised  to  be  held  in  the  Palais  de 
rindustrie,  and  its  orgcmisation  established  by  a  decree  of  M. 
Qr^vy,  the  President  of  the  French  Republic,  in  October,  1880,  and 
application  was  made  to  H.M.  Government  to  appoint  a  commission 
to  represent  British  interests  there ;  but  after  some  time  had 
elapsed,  our  Government  signified  that  it  was  not  their  intention 
to  make  such  an  appointment.     Upon  this  being  notified  to  M. 
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Berger,  the  Commissioner-General  in  Paris,  be  wrote  (on  liie  5tli 
Marohy  1881)  to  the  Society,  inviting  its  co-operation,  and  two 
di^  later,  at  a  Qeneral  Meeting  of  the  Council,  a  committee  was 
formed  to  represent  the  Society  in  all  matters  connected  with  the 
Exhibition,  and  to  take  all  necessary  steps  to  make  the  British 
section  as  complete  and  as  successful  as  possible.  Under  their 
aufpices,  and  with  the  untiring  assistance  of  our  Secretary,  Mr. 
Webb,  and  of  Mr.  Aylmer,  our  honorary  secretary  in  Paris — ^both 
of  whom  were  subsequently  appointed  hon.  secretaries  to  the 
Boyal  Commission-— together  with  the  energy  and  great  enterprise 
of  the  exhibitors,  the  British  section  became  worthy  of  our  position 
in  electrical  progress,  as  testified  by  the  awards  of  diplomas  and 
medals  apportioned  by  the  juries  at  a  later  period.  Still  it  must 
be  admitted  that,  had  more  time  been  at  our  disposal,  many 
departments  of  the  science  would  have  been  more  fully  represented. 

While  alluding  to  the  subject  of  awards,  we  feel  some  pride 
in  stating  that  the  one  single  name  occurring  in  the  official  list  of 
awards  relating  to  this  country,  under  the  head  of  Diplomas  of 
Honour  to  Ministers,  Administrations,  and  Learned  Societies,  is  that 
of  the  '^Society  of  Telegraph  Engineers  and  of  Electricians." 

At  the  latter  end  of  June,  the  Goyemment  officially  appointed 
a  Commission  to  represent  them,  consisting  of  the  Earl  of 
Crawford  and  Balcarres,  Lieut-Col.  Webber,  R.E.,  and  the  writers 
of  this  report,  by  whom  the  work  relating  to  the  British  section 
of  the  Exhibition  was  carried  on  until  its  close  on  Sunday  last,  and 
we  feel  confident  that  the  work  has  been  done  to  the  satisfaction  of 
the  exhibitors  and  the  interest  of  the  country. 

Referring  now  to  the  salient  features  of  the  Exhibition,  we 
must  premise  that  it  is  impossible,  within  the  limits  of  a  paper  to 
be  read  at  one  of  our  evening  meetings,  to  do  more  than  mention 
in  a  condensed  form  some  of  the  most  striking  or  more  novel 
exhibits. 

Our  object  will  be  easiest  attained  by  conceiving  that  we  are 
conducting  a  visitor  through  the  building. 

The  Palais  de  I'lndustrie  has  a  grand  nave  600  feet  in  length, 
and  about  half  that  in  breadth ;  it  has  also  a  series  of  galleries 
and  rooms  on  the  upper  story.    The  south  side  of  the  nave  was 
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given  up  almost  entirely  to  the  dynamo-electric  machineB,  the 
steam  and  gas  engines  (giving  a  total  of  1,800  horse-power),  the 
boilerSi  and  the  counter-shafting  which  were  needed  for  generating 
the  powerful  currents  of  electricity  required  all  over  the  building. 
The  main  part  of  this  nave  was  divided  into  two  equal  parts,  one 
of  which  was  devoted  to  the  French  natioui  and  the  other  to 
foreign  countries.  The  galleries  and  rooms  on  the  upper  etoftj 
were  used  for  miscellaneous  exhibits,  but  were  also  largely 
utilised  for  illustrating  the  applicability  of  the  electric  light  to 
domestic  purposes.  The  main  entrance  was  in  the  middle  of  the 
north  side,  and  the  first  object  of  attraction  was  the  lighting  of 
that  part  by  the  Siemens  and  Werdeman  lamps.  The  former 
were  very  efficient :  each  group  of  lamps  was  fed  by  the  current 
from  a  separate  machine.  The  latter  were  exceedingly  steady,  and 
gave  much  satisfeu^tion  for  this  reason,  although  expensive  to 
work. 

The  staircases  to  the  right  and  left  of  the  entrance  were 
lighted  by  six  Filsen  lamps,  so  called,  not  from  the  names  of  the 
inventors  (Messrs.  Piesse  and  Krizik),  but  after  the  village  in 
Bohemia  of  that  name.  We  found  this  lamp  from  repeated  obser- 
vation  to  be  very  satisfactory  in  its  working. 

On  entering  the  nave  from  the  vestibule  there  was,  in  front  of 
the  visitor,  a  large  and  handsomely  constructed  lighthouse,  sup- 
plied with  a  Fresners  lens  and  an  electric  light,  worked  by  the 
powerful  current  derived  from  a  De  Meritens  machine.  A  pre- 
ference has  been  given  to  this  magneto-electric  machine  for  light- 
house  purposes  by  the  French  and  English  Governments,  and,  of 
course,  by  employing  permanent  magnets,  no  part  of  the  current 
is  used  up  to  maintain  the  magnetic  field ;  but  the  great  value  of 
such  a  machine  is  that  the  magnetic  field  is  absolutely  constant  in 
intensity,  however  much  the  steam-engine  or  other  power 
employed  may  vary  in  speed;  and  there  can  be  no  doubt  that 
steadiness  (which  is  a  great  factor  in  lighthouse  work)  is  very 
much  increased  by  the  use  of  permanent  magnets. 

A  miniature  lake  surrounded  the  lighthouse,  and  it  was  here 
that  M.  Trouve  exhibited  his  boat,  worked  by  his  electro-motor 
and  a  bichromate  battery,  the  motor  being  attached  to  the  fore. 
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part  of  the  rudder,  and  not  to  the  stern-post.  We  did  not  find 
that  it  realised  a  practical  speedi  but  the  space  for  its  operation 
was  too  limited  for  any  useful  trial. 

In  front  of  the  lake  there  was  a  collection  of  Serrin  lamps, 
especially  constructed  for  use  in  lighthouses  and  on  board  ship. 
To  test  their  capabilities  under  this  last  head,  they  were  mounted 
in  such  a  manner  as  to  demonstrate  that  they  could  be  twisted  into 
all  possible  positions,  or  set  into  oscillation  without  affecting  the 
steadiness  of  the  light. 

On  turning  to  the  left  from  entering  the  nave,  we  came  first 
to  the  British  section,  of  which  a  catalogue  upon  an  enlarged  scale 
was  published  in  a  special  number  of  the  Journal  of  this  Society. 

The  first,  and  perhaps  the  principal  object  attracting  attention, 
was  the  pavilion  of  our  Postal  Telegraph  De^jartment,  which  not 
only  contained  the  latest  forms  of  Sir  Charles  Wheatstone's  auto- 
matic and  other  instruments,  but  also  a  most  comprehensive  col- 
lection of  great  historical  value  to  any  one  who  might  be  engaged 
in  writing  an  account  of  the  early  growth  of  telegraphs.  Here 
were  the  earliest  five-needle  telegraphs  of  Cooke  and  Wheatstone, 
of  1837,  the  first  telegraph  practically  at  work.  Here,  also,  were 
many  exhibits  of  scientific  interest,  amongst  which  may  be  men- 
tioned Professor  Hughes'  induction  balance.  This  apparatus- 
well  known,  of  course,  to  the  members  of  the  Society — ^had  several 
interesting  practical  applications  during  the  Exhibition,  amongst 
which  may  be  cited  the  case  of  one  of  our  distinguished  foreign 
members,  Mr.  Elisha  Gray,  who  said  to  Professor  Hughes :  **  Some 
thirty  years  ago^  scrap  of  iron  entered  my  finger  while  at  work  : 
it  got  deeper  the  more  I  tried  to  get  it  out,  and  I  left  it  alone : 
try  if  your  balance  will  find  it."  On  trial  none  of  Mr.  Gray's 
fingers  disturbed  the  balance,  except  the  one  containing  the  piece 
of  metal,  which  did  so  unmistakably  when  placed  in  the  coil. 

The  department  of  electrical  science  in  which  the  British  section 
was  in  advance  of  all  other  nations  was  that  of  Submarine  Tele- 
graphy. 

The  Submarine  Telegraph  Company  showed  a  piece  of  the  first 
experimental  cable  laid  in  1850  between  Dover  and  Calais,  and 
specimens  of  all  their  cables,  late  and  early.      The  Telegraph 
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Constraction  and  Maintenance  Company,  and  the  India  Bnbber^ 
Gatta  Fercba,  and  Tel^raph  Works  Company  (known  more  to 
most  of  us  as  the  Silvertown  Company),  both  the  English  main 
works  and  the  French  branch  at  Persan-Beamnont,  made  a  good 
show  in  the  same  direction. 

Messrs.  Latimer  Clark,  Muirhead,  &  Co.  showed  cables 
covered  with  their  new  insulating  material  called  ''  nigrite,"  which 
promises  to  be  much  cheaper  than  the  compositions  now  in  use, 
but  it  will  have  to  pass  through  the  ordeal  of  time,  as  gutta  percha 
has  done  before  it,  prior  to  being  adopted  by  engineers  for  lines  of 
great  length.  It  is  made  of  the  black  wax  left  as  a  residue  or  by 
product  in  paraffin  distillation,  mixed  with  india-rubber.  Mr. 
Muirhead's  duplex  working  for  long  cables,  which  has  been  used 
with  such  advantage  on  the  Eastern  Telegraph  Company's  system, 
was  also  exhibited.  The  last-named  company  had  Sir  William 
Thomson's  syphon  recorder  actually  in  work  through  an  artificial 
cable  of  1,200  miles. 

In  the  same  section  Messrs.  Siemens  Brothers  had  erected  an 
imposing  trophy  consisting  of  a  telegraph  buoy,  surrounded  at  its 
base  by  nearly  all  the  most  interesting  objects  associated  with 
submarine  telegraphy,  including  a  model  of  their  telegraph  ship 
the  *'  Faraday,"*  which  has  done  such  good  service  in  cable-laying. 

In  connection  with  cables,  we  ought  to  mention  the  Brooks 
subterranean  cable  in  the  Silvertown  exhibit.  It  consists  of  an  iron 
pipe  containing  a  large  number  of  conducting  wires  covered  with 
jute  to  prevent  contact  between  the  wires,  and  the  insulation  is 
given  to  it  by  liquid  paraffin  always  kept  under  pressure  by  a 
column  of  the  same  liquid  in  stand-pipes  (which  can  be  replenished 
from  time  to  time  if  and  when  required),  so  that  any  leak  will  be 
outwards  and  not  inwards. 

Messrs.  Elliott  Brotheijs  had  an  excellent  collection  of  their 
telegraph  and  testing  instruments,  so  also  had  Messrs.  Clark  & 
Muirhead.  Muirhead's  compound  iron  and  steel  posts  have  the 
advantage  of  combining  sll^gth  with  lightness,  so  that  in  a 
country^difficult  of  access  considerable  economy  is  secured. 

The  great  dimensions  of  Mr.  Spottiswoode's  induction  coil, 
made  by  Apps,  attracted  considerable  attention,  and  experiments 
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were  occasionally  made  with  it.  We  believe  that  in  England  we 
have  the  largest  induction  coil,  the  largest  electro-magnet  (Lord 
Orawford^s),  and  a  battery  consisting  of  the  greatest  number  of 
elements  (Dr.  De  la  Rue's),  but  it  was  only  the  first  of  these  that 
wab  shown. 

Near  to  this,  the  fire-alarm  system  of  Mr,  Edward  Bright  was 
illustrated  by  dght  street  posts,  similar  to  those  fixed  by  the  Fire 
Brigade  in  London,  for  the  use  of  the  police  or  the  public  in  case 
of  fire.  On  pulling  out  a  handle  an  extra  resistance  is  thrown 
into  the  circuit,  passing  from  the  central  station  through  all  the 
poets,  the  amount  of  the  resistance  difiering  at  each  post.  This 
disturbs  a  balance  of  resistance  at  the  central  station  and  rings  a 
bell,  when  the  fireman  on  watch  turns  a  handle,  which  inserts 
re^tanoes  in  the  circuit  corresponding  to  those  in  the  posts,  so 
that  when  the  bell  stops  ringing  the  handle  points  to  the  place 
whence  the  alarm  proceeds,  and  this  without  clockwork  or  any. 
thing  that  can  sufier  from  exposure  to  air  or  moisture  in  the  posts. 

Professors  Ayrton  and  Perry  showed  some  useful  and  very 
ingenious  apparatus  for  use  in  electric  light  measurements.  To 
meastfre  the  motive  power  used  in  a  machine,  they  have  a  shaft- 
coupling  in  which  two  discs  are  connected  by  springs^  so  that  there 
is  a  relative  twist,  the  amount  of  which  depends  upon  the  force 
used.  This  is  magnified  by  levers,  and  read  off  in  a  way  depending 
upon  the  persistence  of  visual  impressions,  the  horse-power  being 
obtained  by  multiplying  by  the  speed  of  revolutions. 

Li  front  of  the  office  of  the  British  Commission,  Mr.  Crompton 
had  a  collection  of  lamps,  and  the  several  parts  of  a  dynamo- 
machine  made  upon  the  plan  of  M.  Burgin,  the  workmanship  of 
both  lamp  and  machine  being  exceedingly  praiseworthy. 

On  the  same  table  Mr.  Spagnoletti  showed  his  system  of  fire- 
alarms,  in  which  a  ball  runs  down  inclined  planes,  and  in  doing  so 
makes  a  series  of  electrical  contacts  which  move  a  step  by  step 
instrument  at  the  central  station.  He  also  showed  his  system  of 
railway  signal  locking  levers.  A  signalman  cannot  let  a  train  pass 
along  a  line  until  he  has  received  permission  from  the  man  at  the 
other  end  of  the  section,  and  this  man  cannot  give  such  permission 
mitil  the  last  train  to  which  he  gave  leave  has  actually  passed  his 
station. 
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Messrs.  Saxbj  &  Farmer  also  showed  their  system  of  railway 
signalling  in  action  on  the  full  scale. 

Near  this  place  we  noticed  a  small  but  interesting  collection  of 
Mr.  Oonrad  Cooke,  the  principal  object  in  which  was  a  galyanic 
cell  and  galvanometer  combined,  in  which  spiral  glass  tubes 
composing  part  of  the  cell  surrounded  an  astatic  pair  of  needles. 
A  telephone  call  and  some  historical  instruments  were  also  of 
much  interest,  but  we  are  obliged  to  condense  our  descriptioQ  so 
much,  that  in  this,  as  in  other  cases,  we  have  no  choice  but  to 
pass  on. 

Messrs.  Siemens  Brothers  showed  a  large  number  of  dynamo, 
machines  of  different  sizes,  besides  specimens  of  their  pendulum 
and  differential  lamps.  They  had  also  some  induction  machines 
arranged  both  for  quantity  and  intensity*  for  exploding  mines  and 
torpedoes.  Among  their  testing  instruments  were  a  mirror. 
galvanometer.scale  of  ground  glass,  with  a  long  mirror  above  the 
scale,  and  a  long  mirror  below  the  needle.  The  advantages  of 
this  arrangement  are  that  the  readings  can  be  made  with  hr 
greater  ease  and  accuracy.  Their  electro-dynamometer,  in  which 
the  torsion  required  to  bring  the  instrument  to  zero  is  measured,  is 
a  convenient  appliance  for  use  with  alternate  currents. 

The  newest  piece  of  apparatus  shown  by  them  was  the  electrical 
furnace,  in  which  the  most  refractory  metals  can  be  melted  in  the 
arc  formed  by  two  carbons  of  large  section,  or  by  a  group  of 
carbons.  We  were  fortunate  enough  to  witness  several  highly 
successful  experiments  on  the  melting  of  steel,  and  it  would  be 
interesting  to  know  how  far  the  properties  of  the  steel  are  altered 
by  this  treatment. 

The  firm  of  Siemens  &  Halske,  in  the  Qerman  section,  was 
close  to  the  last-mentioned  exhibit.  It  showed  a  very  complete 
and  most  interesting  history  of  the  continual  progress  of  the  firm 
in  the  construction  of  telegraphs,  dynamo  machines,  electric  lamps, 
galvanoplasty,  and  numerous  applications  of  electricity  to  the  arts 
of  war  and  peace.  Not  the  least  important  was  the  collection  of 
very  fine  testing  apparatus  which  was  displayed  in  their  office. 

The  Qerman  section  was  generally  of  very  high  interest,  many 
scientific  men,  such  as  Wiedemann,  Eohlrausch,  and  others,  having 
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sent  the  apparatus  employed  in  their  well-known  researches.  We 
were  also  uiterested  to  see  exact  copies  (in  one  case  we  believe  we 
should  say  the  original)  of  the  early  experimental  tdegraphs  of 
Soemmering,  of  Steinheil,  and  of  Qauss  and  Weber.  The  German 
Poet  0£Sce  authorities  also  sent  a  fine  collection.  Heilmann. 
Ducommun  and  Steinlen  had  a  complete  workshop  fitted  up  with 
lathes,  planing  machines,  and  drills  driven  by  Qramme  dynamo 
machines,  all  of  them  of  unusual  excellence  of  manufacture.  The 
North  Qerman  Befining  Society  of  Hamburg  exhibited  specimens 
of  pure  metals  deposited  by  six  Gramme  machines,  producing  at 
their  works  550  tons  of  pure  copper  annually.  They  have  also  a 
new  process  by  which  they  succeed  in  extracting  pure  gold  from 
its  alloys,  and  have  by  this  method  prepared  2,700  pounds  weight 
of  gold  during  the  year  1880. 

Betuming  now  to  the  oflSce  of  the  British  Commission,  and  con. 
tinning  along  the  passage,  we  should  arrive  at  the  Austrian  section. 
One  of  the.  most  important  exhibits  was  a  simple  form  of  the  Filsen 
lamp,  which  we  have,  already  mentioned.  The  type  here  shown 
was  of  an  horizontal  form,  and  worked  exceedingly  well.  There 
was  also  an  interesting  telephone  by  Machalski,  in  which  the 
transmitter  is  a  tube  of  powdered  charcoal,  and  the  receiver  a 
Bell  telephone  of  the  Siemens  type.  The  chief  feature  of  this 
combination  is  that  the  voice  can  be  heard  at  a  considerable 
distance  from  the  receiver.  A  very  fine  exhibit  was  also  shown 
by  Schaffler  of  his  well-known  telegraphic  apparatus,  meteoro- 
logical registering  appliances,  and  electrical  clocks. 

In  the  Norwegian  section,  dose  by^  the  object  of  the  greatest 
attraction  was  the  series  of  experiments  by  Dr.  Bjerknes,  in  which 
he  finds  complete  analogies  to  magnetical  and  electrical  phenomena 
by  setting  up  vibrations  in  diaphragms  immersed  in  a  trough  of 
water.  Two  cylinders  are  employed,  with  pistons  worked  by  a 
revolving  wheel,  so  that  the  air  is  alternately  compressed  and 
rarefied,  and  india-rubber  tubes  can  be  connected  either  to  the 
front  or  back  part  of  the  cylinders,  so  that  vibrations  can  be  set  up 
through  these  air  tubes,  either  synchronous  or  in  opposition  to  each 
other.  The  india-rubber  tubing  is  connected  to  the  various  instru- 
ments by  which  he  puts  the  water  into  vibration.    Our  time  would 
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again  not  permit  an  apparatus  of  this  kind,  which  deserves  move 
notice,  to  be  fully  described,  but  we  shall  probably  have  the  oppot- 
tunity  of  seeing  it  at  one  of  our  meetings  hereafter. 

The  next  section  in  the  order  which  we  are  taking  .was  the 
Russian,  where  there  were  worthy  of  notice  some  early  eiq>erimental 
apparatus  by  Jacobi  and  othenii  some  Siemens  machines  attached 
directly  to  rotary  enginesi  and  some  excellent  galvanoplastic  repro- 
ductions of  works  of  art. 

The  Italian  Qovemment  exhibited  their  interesting  collection 
of  instruments  in  a  building  in  the  style  of  the  Doge's  palace  in 
Venice.  The  most  attractive  object^  on  account  of  claims  which 
have  been  put  forward  on  behalf  of  Signer  Facinotti,  since  dynamo 
machines  have  been  devel(^)ed,  was  a  small  machine  or  model  of 
the  ring  with  teeth  between  its  coils,  designed  as  an  electro-motoc 
in  1860,  but  described  as  being  ciq>dble  of  being  used  as  a  magneto- 
electric  machine  in  the  Nuovo  Cimento  in  1864,  a  copy  of  the 
drawing  in  which  was  kindly  given  by  the  Italian  Commissioner 
to  any  person  making  application  for  it.  The  apparatus  as  there 
shown  would  not  have  made  a  dynamo  machine  equalling  those 
we  now  possess,  but,  considering  the  principles  involved,  the  model 
had  for  us  a  very  great  interest.  The  other  Italian  exhibits  of  an 
historical  kind  were  in  the  upper  story,  and  will  be  alluded  to 
hereafter. 

In  the  contiguous  Danish  exhibit  was  a  new  form  of  Qranmie 
machine  by  Professor  Jiirgensen,  comprising  a  fixed  electro-magnet 
in  the  interior  of  the  ring  to  increase  the  induction.  The  mechanical 
construction  of  the  machine  is  diflScult^  but  theoretically  the 
advantages  seem  deserving  of  being  foUowed  up. 

In  the  neighbouring  Swedish  section  the  wonderful  meteoro. 
logical  self-registering  apparatus  of  M.  Theorell  was  constantly  at 
work.  It  gives  the  reading  of  the  instruments  every  quarter  of  an 
hour,  printed  in  numerals,  and  in  a  tabular  fonn.  The  hour,  the 
velocity  of  the  wind^  its  direction  (in  numbers  from  1  to  32),  the 
temperature,  the  humidityi  and  the  barometric  reading  are  all 
printed  in  bold  figures. 

The  Belgian  Observatory  showed  an  apparatus  for  a  similar 
purpose  by  Professor  Bysselber^,  but  in  this  machine,  which 
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records  its  obseryations  every  ten  minutes,  the  results  are  not 
printed  in  type,  but  are  engraved  on  a  metal  drum  as  curves,  which 
can  be  printed  off  on  to  paper  directly. 

The  Belgians  showed  many  things  of  great  interest.  First, 
there  is  the  Jaspar  lamp,  which  appeared  to  us  to  be  remarkable 
for  its  regularity  of  action.  Then  there  was  the  arrangement  of 
double*conducting  wires  in  telephones  by  M.  Brasseur,  for  getting 
rid  of  induction  by  twisting  two  wires  in  opposite  directions  round 
each  telephone,  and  leading  one  end  of  each  wire  to  earth ;  thus 
the  currents  in  the  line  wires  travel  in  opposite  directions^  and  an 
induced  current  will  produce  two  contrary  effects  in  the  telephone, 
but  the  resistance,  instead  of  being  double^  as  in  the  ordinary 
method  of  employing  two  wires,  is  actually  halved,  or  nearly  so, 
as  in  actual  practice.  This  method  is  identical  with  that  furst 
described  by  Professor  Hughes  in  his  paper  upon  **  Induction," 
read  before  this  Society,  March  12th,  1879. 

The  **  Lampe  Soleil"  was  also  shown  here,  and  has  attracted 
some  attention,  but  its  efficiency  is  nqt  very  high.  The  electric 
omtrol  system  of  clocks  in  Brussels,  extending  over  the  entire 
city,  was  also  shown,  and  attracted  much  attention. 

Next  to  the  Eelgian  section  came  the  American,  where  Mr. 
Elishfl^  Cray's  harmonic  telegraph  (now  working,  as  we  are 
informed,  on  one  wire,  with  six  instruments,  between  New  York 
and  Boston)  was  shown  in  action.  The  principles  of  its  operation 
have  been  described  in  a  paper  read  before  our  Society  several 
years  since,  bo  that  we  need  not  allude  to  it  further*  except  to 
draw  attention  to  the  circumstance  of  its  being  now  at  work  upon 
the  multiple  system. 

There  was  also  a  useful  little  motor,  consisting  of  a  Gramme 
ringi  or  tube  inside  another  tube,  so  wound  as  to  give  the  Gramme 
a  suitable  magnetic  field.  It  was  worked  by  bichromate  batteries, 
and  was  used  with  good  effect  for  driving  sewing  machines,  of 
which  we  may  say,  while  speaking  of  them,  that  there  were  great 
numbers  in  the  building,  driven  by  M.  Marcel  Deprez'  and  other 
electric  motors. 

The  American  exhibits  also  comprised  an  apparatus  for  tele- 
phone exchange  subscribers*  work  to  be  done  at  the  central  office. 
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which  differs  in  no  important  respect  firom  switches  of  the  same 
character  used  in  Europe. 

The  Dolbear  telephone  possesses  some  special  interest,  hecause 
it  differs  essentially  from  the  Bell  or  electrcmagnetio  telephones 
belonging  to  the  class  now  known  as  the  Condenser  Telephone. 
The  transmitter  is  an  ordinary  microphonic  sender  and  an  induc- 
tion coil  of  high  resistance  is  employed ;  the  line  wire  is  connected 
at  the  receiving  end  to  a  thin  disc  of  ferrotype  iron,  and  a  similar 
disc  is  placed  immediately  opposite  to  it,  very  close,  but  insulated 
from  it.  This  Ifitter  disc  may  be  connected  to  a  return  wire  or  to 
the  earth.  Variations  in  the  primary  current  produce  static 
charges  of  opposite  electricities  in  the  two  discs ;  they  attract  each 
other  with  a  force  depending  upon  the  charge,  and  articulate 
speech  can  thus  be  successfully  transmitted,  and,  in  fact,  has  been 
communicated  for  as  great  a  distance  as  firom  London  to  Norwich. 

In  the  Swiss  section  there  were  shown  the  excellent  systems  of 
electric  clocks  by  M.  Hipp,  and  also  an  extremely  ingenious 
apparatus  by  Professor  Monnier  for  automatically  analysing  the 
fire-damp  in  a  mine,  and  transmitting  the  information  to  the  pit. 
mouth  every  hour.  Twelve  of  them  being  placed  in  different 
parts  of  the  mine  can  be  connected  with  a  single  receiver,  each 
one  being  connected  to  it  for  five  minutes  in  each  hour,  this  being 
the  time  required  for  the  analysis  to  be  completed. 

We  have  now  passed  in  review  most  of  the  objects  of  special 
note  in  the  foreign  side  of  the  main  body  of  the  nave,  and  are  now 
at  the  east  end  of  the  building,  whence  the  electrical  tramcar  of 
Messrs.  Siemens  Brothers  leaves  the  building  to  go  to  the  Place  de 
la  Concorde.  The  current  is  generated  by  a  powerful  dynamo 
machine  within  the  building ;  it  is  then  carried  by  two  metallic 
tubes  split  on  the  under  side,  and  mounted  on  poles  like  telegraph 
wires ;  a  carrier,  attached  by  two  wires  to  the  car,  consisting  of 
two  contact-pieces,  runs  inside  of  the  two  split  tubes,  and  thus  the 
current  is  conveyed  to  the  car.  Here  the  current  passing  through 
a  dynamo  machine  sets  it  into  rotation,  and  by  a  chain  connection 
to  the  wheels  of  the  tramcar,  their  velocity  being  reduced  by  this 
gearing  to  suit  the  speed  required. 

The  east  end  of  the  building  under  the  gallexy  was  devoted,  so 
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far  as  lighting  was  concerned,  to  the  Brush  Company,  who  showed 
a  very  large  exhibit  consisting  of  six  Bobey  engines,  and  a  large 
nnmber  of  machines  from  a  small  size  up  to  those  by  which 
forty  arc  lights  were  fed.  A  large  number  of  Lane  Fox  lamps 
were  exhibited  by  the  same  company.  Passing  now  down  the 
passage  at  the  south  side  were  to  be  seen  in  succession  all  the 
dynamo  machines  at  work,  some  driven  by  steam-engines  and 
some  by  gas-engines.  Here  was  Thomson  &  Sterne's  latest  form 
of  gas-engine,  and  beside  it  Brotherhood's  adaptation  of  his  three- 
cylinder  engine  to  Qramme,  Siemens,  and  Brush  machines.  Behind 
them  was  the  Dowson  gas-generator  for  heating  purposes,  for  which 
great  economy  is  claimed.  By  means  of  the  gas  itself  some  water 
is  heated,  and  the  steam  with  air  is  injected  into  a  furnace  which 
decomposes  it,  anthracite  coal  being  employed,  liberating  carbonic 
oxide  and  hydrogen,  which  pass  through  a  purifier  and  thence  to 
the  gas-holder.  Messrs.  Rowatt  &  Fyfe  showed  some  Pilsen  and 
Joel  lamps,  and  also  a  Schuckert's  machine.  Schuckert,  Oiilcheri 
and  Naglo  each  had  a  Gramme  machine  with  a  flat  ring,  with  the 
magnets  at  the  side  of  the  ring.  So  also  the  White  House  Mills 
(United  States)  and  Home  (Berlin)  had  each  a  Siemens  alternate 
machine  without  any  deviation  in  principle.  The  Weston  and 
Maxim  machines  were  like  a  Siemens  armature  with  Qramme 
field-magnets,  and  vice  versa.  The  former  has  the  strips  of  the 
commutator  inclined,  and  not  parallel  to  the  axis. 

The  British  Electric  Light  Company  had  some  large-sized 
Gramme  machines  of  new  pattern,  and  well-established  engine 
power,  which  they  applied  to  Brockie  lamps,  and  to  their  own 
incandescent  lamps.  Crompton  employed  a  machine  made  by 
Burgin  to  light  his  lamps,  which  were  suspended  high  up  firom  the 
top  of  the  dome. 

Swan's  lamps,  of  which  about  1,000  were  in  use,  were  fed  by 
Brush  and  Siemens  alternate  current  machines. 

Passing  to  the  machinery  in  the  French  section,  we  noticed 
some  very  large  gas.engines,  some  of  40  horse-power,  and  some  very 
powerful  and  highly-finished  steam  engines.  They  were  mostly 
employed  to  drive  the  machines  of  Gramme,  De  Meritens,  and 
Lontin.  M.  Qramme  showed  a  large  number  of  experimental 
VOL.  X.  29 
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machines  which  he  has  tried  at  different  times,  and  many  of  which, 
he  has  abandoned. 

The  principal  lamps  in  this  section  were  the  new  Gramme  lamp, 
the  Jablochkoff,  and  the  Jamin.  Messrs.  Sauter  &  Lemonnier 
exhibited  Colonel  Hangings  reflectors  for  military  purposes,  which 
were  in  some  cases  a  m^tre  in  diametw ;  also  the  dynamometer  of 
M.  M^gy,  which  indicates  directly  on  an  engine  counter  the  amount 
of  work  which  has  been  exerted  on  a  machine  in  any  given  time. 

At  the  end  of  the  passage  was  the  exhibit  of  the  Force  et  Lu. 
mi^re  Company,  where  their  secondary  batteries  were  employed  in 
lighting  incandescent  lamps  and  in  driving  motors,  mostly  of  small 
size. 

The  most  interesting  as  well  as  the  Iai)(est  exhibit  of  the 
whole  of  the  Exposition  was  that  of  the  French  Minister  of  Posts  and 
Telegraphs,  who  had  a  large  pavilion  filled,  not  only  with  specimens 
at  work  of  all  the  forms  of  apparatus  used  by  the  French  Qovenu 
ment,  but  also  many  of  historical  interest,  and  some  which  have 
hardly  yet  passed  out  of  the  experimental  stage.  The  radiophonic 
experiments  of  M.  Mercadier  were  also  shown  here,  and  employes 
were  in  attendance  to  explain  tibe  action  of  the  instruments  and 
show  them  actually  at  work. 

The  different  railway  companies  had  large  space  allotted  to 
them  for  exhibiting  full-sized  specimens  of  their  signalling  and 
other  electrical  contrivances.  The  Chemin  de  Fer  de  TEst  had  a 
very  completely  equipped  dynamo-metric  waggon,  for  indicating  at 
any  moment  the  speed,  the  traction,  the  pressure  of  the  brakes,  etc. 

The  Ministers  of  War  and  of  the  Marine  showed  field  electric 
light  apparatus,  chronographs,  and  complete  ballistic  instruments 
for  studying  pressures  and  the  velocities  of  projectiles.  M.  Christofle 
exhibited  a  fine  collection  of  galvanoplastic  works  of  art,  and 
several  processes,  some  of  them  quite  new,  actually  at  work. 
M.  Plant^'s  collection  of  secondary  batteries  and  their  applications, 
to  which  he  has  devoted  so  many  years  of  study,  was  also  to  be 
seen  here. 

In  the  French  part  of  the  nave  there  were  also  numeroos 
applications  of  the  transmission  of  electricity  to  produce  motive 
power  in  sewing  machines,  in  embroidering,  in  mining,  in  pump. 
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ing  large  Tolomes  of  water,  in  cutting  stone,  in  plonghingi  and  in 
workshop  machinery.  In  the  exhibit  of  Messrs.  Siemens  Frkes, 
there  were  also  shown  small  electrical  carriages,  weighing  a  few 
pounds,  intended  to  replace  the  pneumatic  despatch. 

Ascending  now  to  the  upper  story,  the  first  striking  exhibit 
consisted  of  a  suite  of  large  rooms  specially  illuminated  to  illustrate 
the  feasibility  of  domestic  lighting.  A  picture  gallery  was  illumi. 
nated  by  the  **  Lampe  Soleil,"  a  theatre  by  the  Werdeman  system, 
salons  by  the  Beynier  and  Jamin  lamps ;  a  kitchen,  a  billiard, 
room,  a  bath-room,  and  a  dining-room,  all  fitted  up,  were  lighted 
by  separate  systems.  Here  also  were  the  telephone  rooms  con. 
nected  with  the  opera,  which  were  visited  by  thousands  of  people 
every  evening  on  which  there  was  a  performance.  Fourteen 
microphones  were  placed  before  the  footlights  of  the  opera  con. 
nected  with  telephones  in  these  rooms,  besides  others  in  the  private 
room  of  the  Minister  of  Posts  and  Telegraphs.  The  telephones 
used  were  Ader's  modification  of  the  Gower-Bell  telephone,  and  it 
may  be  fairly  said  that  the  efiects  exceeded  the  most  sanguine 
expectations. 

Some  of  the  \xppeT  rooms  were  lighted  by  the  Swan,  Edison, 
and  Maxim  lights^  and  others  by  the  arc  lights  of  Siemens,  but  of 
these  the  most  pleasing  effect  was  produced  by  M.  Jaspar's  method 
of  throwing  the  light  upwards  upon  white  screens  while  concealing 
the  direct  light  from  view. 

Two  of  the  upper  rooms  were  filled  with  Mr.  Edison's  exhibits 
of  the  phonograph,  telephones,  and  incandescent  lamps,  which 
were  (during  the  greater  time  that  the  Exhibition  was  open)  used 
with  a  current  derived  from  some  machines  of  moderate  size.  At 
the  end  of  October  a  large  machine  was  installed,  the  armature  of 
which  weighed  3|  tons ;  the  poles  of  the  field  magnets  of  this 
machine  are  magnetised  by  five  electro-magnets  for  the  upper,  and 
three  for  the  lower  one.  The  principle  upon  which  the  armature 
is  constructed  is  the  same  as  that  in  a  Siemens  machine.  The 
axis  is  connected  directly  to  the  steam.engine,  and  turns  at  the 
rate  of  350  revolutions  per  minute.  The  machine  is  designed  to 
feed  1,000  incandescent  lamps,  and  is  said  to  consume  120  horse- 
power. 
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One  of  the  upper  rooms  was  devoted  to  historical  apparatus, 
and  here  the  Boyal  Institution  showed  a  great  many  of  the  original 
instrtunents  used  bj  Faraday  in  his  experimental  researdies. 
Ampere's  electro-dynamic  apparatus  was  also  there,  and  the  Italians 
showed  a  great  number  of  interesting  apparatus  and  documents, 
photographs  of  letters  from  Galvani  and  Yolta,  apparatus  used  by 
Galileo,  by  Volta,  by  Marianini  (his  pupil),  by  Nobili,  by  Zamboni, 
and  by  Melloni.  Never  has  such  a  collection  been  brought 
together  under  one  roof.  King's  College  also  contributed  a  most 
interesting  collection  of  Wheatstone's  original  experimental  appa- 
ratus, and  some  of  Daniell's. 

In  concluding  this  general  summary  of  this  remarkable  Exhibi- 
tion, we  are  bound  to  confess  that  it  has  been  impossible  for  as  in 
so  short  a  compass  to  do  complete  justice  either  to  the  Exhibition 
as  a  whole,  or  it  may  be  to  individual  exhibitors ;  but  our  object 
has  been  to  give  some  idea  to  those  of  our  members  who  had  not 
the  opportunity  of  being  present,  of  the  magnitude  of  the  exhibits 
and  the  direction  in  which  it  has  proved  that  our  science  has  been 
advancing. 

We  cannot  conclude  our  rapid  glance  at  the  Exhibition  itself 
without  mentioning  the  Electrical  Congress,  held  in  the  Congress 
Boom  in  the  same  building. 

The  Congress  consisted  of  some  two  hundred  of  the  most 
distinguished  savants  of  Europe,  all  nominated  by  their  re- 
spective Qovemments.  The  Congress  was  not  open  to  the  public 
and  the  press  was  not  admitted,  consequently  until  the  official 
publication  of  the  proceedings,  which  will  shortly  take  place^ 
we  are  not  justified  in  giving  any  account  of  these  remarkable 
meetings.  It  may,  however,  be  said  that  the  Congress  was  a  most 
brilliant  success,  and  that  we  may  soon  hope  to  have  a  paper 
before  the  Society  giving  a  resum^  of  its  discussions  and  decisions. 
The  visit  of  our  Society,  with  the  whole  of  its  official  staff  and 
many  of  its  members,  was  also  an  interesting  event,  as  well  as  a 
merited  compliment  to  the  grandeur  and  brilliancy  of  the  Ex- 
position. 

The  electrical  world  owes  its  thanks  to  Monsieur  Cochery,  the 
Minister  of  Posts  and  Telegraphs,  and  to  Monsieur  Qeorges  Berger, 
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the  Q>mTni88aire  Qeneral  of  the  Exhibition,  not  only  for  the  energy 
and  judgment  which  made  the  Exhibition  such  a  perfect  succees, 
but  also  for  the  uniform  kindness  and  attention  shown  by  them 
and  their  whole  staff  to  the  foreign  Commissioners  and  exhibitois. 
We  all  equally  laboured  to  ensure  success,  and  we  feel  sure  that 
our  British  exhibitors,  as  well  as  those  of  all  nations,  have  reason 
to  be  proud  of  the  great  success  of  this  the  first  International 
Exhibition  of  Electricity. 

The  President  :  The  paper  has  not  dealt  with  matters  which 
can  very  well  admit  of  dispute,  but  I  hope  that  we  may  have  some 
interesting  conyersation,  if  not  exactly  discussion,  on  the  subject. 
Many  members  present  were  at  the  Exhibition,  and  the  report 
teems  with  suggestions  and  matters  which  invite  interesting 
remarks. 

Professor  W.  E.  Atbton  :  I  am  sure  we  must  all  be  delighted 
to  hear  the  admirable  resum^  which  the  two  authors  of  the  paper 
have  given  us  of  what  was  exhibited  at  the  Paris  Exhibition; 
and,  as  they  have  given  us  so  much  information,  perhaps  it 
is  rather  unfair  to  ask  them  if  they  would  not  mind  giving  us 
a  little  more  about  one  point  which  I  think  many  like  myself 
would  be  interested  in,  viz.,  what  sort  of  experiments  were  the 
jury  able  to  make  in  trying  the  efficiency  of  the  vast  collection  of 
apparatus  for  electric  lighting  that  was  shown  in  the  Exhibition? 
We  know  that  there  was  a  large  staff  and  competent  jury  appointed, 
and  it  would  be  most  interesting,  in  connection  with  the  labours  of 
the  jury  that  may  have  to  carry  out  similar  duties  at  the  Crystal 
Palace  Exhibition,  to  hear  some  details  of  the  methods  that  were 
employed  at  Paris,  and  to  learn  what  success  the  labours  of  the 
jury  met  with. 

Sir  C.  T.  Bright  :  By  one  of  the  regulations  (which  I  think 
was  a  very  proper  one),  neither  any  of  the  Commissioners  nor  any 
of  the  exhibitors — such  as  Professors  Ayrton  and  Perry  were,  with 
their  show  of  very  excellent  appliances — should,  according  to  our 
rules,  be  on  the  jury,  and  of  course  the  experiments  as  well  as  the 
decisions  of  the  jury  were  kept  entirely  to  themselves.  I  see  one 
or  two  faces  around  me  who  were  on  the  jury :  Mr.  Stroh|  who  is 
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^.taemberof  qu^CfM^ipil;  Mr.  Hoolton,  another  member  of  our 
pouiiQili  ftzi4  7rof(9p9p];  Qeoige  Forbes*  were  all  on  the  jnry, 
^d  are  pres^nt^  and  ca^i  I  am  sture,  Bwpply  the  information  to 
Bl^feeBorAyr^  better  jthan  myself,  because  I  did  not  attend  any 
offth^ird^bemtioQS^  , 

.  Mr.  j;.  F*  JtOVLTXmt  The  English  Oonrts  of  Law  have  one 
extr^^ely  good  ctistom,  that  no  jmyman  can  ever  be  put  into  the 
box  and  asked  what  he  decided  or  why  he  did  it ;  and  among 
the  jury  at  the  Paris  Exhibition,  though  there  was  the  wildest 
rackety  of  opiidoAS  i«i  ^almost  every  possible  subject,  there  was 
absolute  unanin^ty  on  tiie  advisability  of  holdi^  our  tongoes. 
Howeyeri  as  I  fortuAatelly  waenot  on  that  part  of  the  jury  t^t 
had  to  deal  with  the. matters  that  would  interest  this  Society  most, 
i,e.f  the  part,  whiqh  bad  to  do  with  the  modem  developments  in 
the  way  of  lighting  and  dynamo  machines,  I  think  that  I  shall 
probably  gaiii  by  setting  the  example  of  breaking  this  rule  to  a 
x)ertain  e^nl^  for  I  shall  involve  my  friend  Professor  Forbes  in 
tbe  necessity;  of.  telUng  the  Society  something  which  will  be  very 
interesting  ^  them  and  to  me.  He  can  tdl  us  all  about  tho 
eichibition  of  dieotiic  lighting ;  for  not  only  did  he  go  through  all 
tiie  labour  of ,  exanuning  the  lamps,  but  there  was  no  member  of 
that  jury  who  did  his  work  in  a  more  oonsdentious  and  complete 
manner. 

For  my  own  part,  I  belonged  to  that  section  of  the  jury  that 
had  to  examine  Ueio  instruments  for  electric  measurements,  such  as 
galvanometers  and  {electrometers,  eta,  and  I  think  I  can  say  tliat 
ti)e  genexttl  feeling  of  the  jury  that  had  to  do  with  that  class  was 
that  tiie  znakers  of  those  instruments  were  waiting  for  the  world  to 
come  up  to  them ;  for  the  exquisite  delicacy  of  the  instruments, 
and  their  accuracy,  was  such  that  neither  science  in  its  practical 
nor  in  its  theoretical  form — ^by  which  I  mean  the  science  of  the 
workshop  or  the  science  of  the  laboratory—^required  any  greater 
peiiection.  I  am  glad  to  say  that  the  English  showed  well  in  this 
class.  In  the  list  which  was  drawn  up  in  order  of  merit,  and 
on  which  the  medals  were  given,  there  were  three  English  names 
in  the  first  eight,  and  those  three  occupied  by  no  means  the 
lowest  places.    But  although  the  English  did  so  admirably,  and 
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proTed  by  their  exhibition  that  they  were  not  behind  in  the  race^ 
I  think  that  those  who  went  to  the  Paris  Exhibitioni  and  who  were 
capable  of  judging  of  snch  instrom^itSy  mnst  have  agreed  with  tiie 
jury  in  their  high  opinion  of  the  marvellous  exhibition  of  Dr. 
Werner  SiemenSf  of  Berlin,  in  this  particular  class.  I  do  not  know 
when  or  where  it  would  be  possible  to  see  such  an  admirable 
collection  of  every  form  of  instrument  designed  for  eletctric  measure, 
ment  Not  only  did  they  possess  all  appliances  for  accuracy, 
but  many  of  the  varied  properties  of  electricity  and  the  galvanic 
current  were  most  skilfully  made  to  assist  in  rendering  the  instru- 
ments more  useful  to  the  observer.  The  degree  of  accuracy  with 
which  these  instruments  were  capable  of  doing  their  duty  was 
something  almost  incredible,  and  I  hardly  know  how  many  ciphers 
would  come  before  the  first  significant  figure  in  representing  the 
decimal  of  an  ohm  which  some  of  them  could  measure.  But  in 
giving  high  praise  to  the  exhibits,  I  am  not  simply  referring  to  these 
instruments  of  Dr.  Werner  Siemens,  but  also  to  those  of  what  I 
may  call  the  first  exhibitors  in  the  class.  Not  only  were  the  in- 
struments extremely  accurate,  but  they  were  extremely  practical : 
it  did  not  seem  as  if  delicacy  in  the  sense  of  sensitiveness  had  pro- 
duced delicacy  in  the  sense  of  over-delicacy  or  of  unpracticality 
in  them ;  and  I  am  only  speaking  the  feeling  of  my  fellow-jurymen 
when  I  say  that  we  were  thoroughly  pleased  with  the  whole 
exhibit  of  the  class,  and  that  we  thought  that  in  it  electricity  was 
certainly  doing  all  that  could  be  demanded  of  it. 

Our  jury  had  another  small  class  under  their  care,  t.e.,  the 
class  of  static  electricity ;  but  I  am  sorry  to  say  that  in  that  subject 
the  world  is  as  nearly  as  possible  where  it  was  many  years  ago. 
Scarcely  any  advance  has  been  made,  a  fact  which  shows  that,  after 
all,  the  true  stimulus  to  advance  in  this  world  is  practical  utility, 
and  that  those  branches  of  electricity  which  are  not  in  the  purview 
of  the  man  who  has  to  deal  with  practical  science  are  likely  to 
be  much  slower  in  their  progress  than  others— a  conclusion  which 
cannot  but  be  agreeable  to  a  Society  like  our  own,  which,  without 
undervaluing  theory,  takes  practical  utility  as  one  of  its  main 
aims. 

Professor  G.  Fobbes:  I  certainly  did  not  know  that  I  was 
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going  to  be  called  on  to  speak  this  evening :  I  came  to  listen.  In 
the  fust  place  I  must  compliment  Mr.  Moulton  on  the  excellent 
way  in  which  he  has  got  out  of  it  as  a  juryman.  I  have  a  sort  of 
feeling  that  gentlemen  who  have  been  members  on  a  jury  ou^t 
not  to  be  called  on  at  a  later  period  to  explain  the  reascms  and 
so  forth  of  their  decisions,  because  each  one  tried  no  doubt  to  do 
his  best ;  and  it  seems  hard  lines  that  each  one  of  us  ought  to  have 
to  explain  the  exact  reasons  why  different  awards  have  been  given. 
I  feel  this  all  the  more  because  Mr.  Moulton  has  particularly 
drawn  attention  to  me  as  an  electric  light  juryman,  that  is  to  say, 
one  who  had  to  decide  on  the  merits  of  the  different  electric  light 
systems. 

I  am  afraid  that  although  we  made  the  most  careful  measure- 
ments, experiments,  and  tests  (such  as  I  think  Professor  Ayrton 
would  be  content  with),  at  the  same  time,  owing  perhaps  to  some 
political  movement  which  caused  the  Ministry  to  go  out  a  little 
earlier  than  intended,  the  awards  had  to  be  given  more  quickly 
than  was  compatible  with  the  requirements  of  the  jury  themselves ; 
so  that,  in  obedience,  it  may  be,  to  the  wishes  of  the  Minister  of 
Posts  and  Telegraphs,  we  perhaps  were  sometimes  obliged  to  comply 
with  what  has  been  described  as  Jedburgh  justice.  In  other  words, 
we  decided  the  relative  merits  as  far  as  our  stem  decision  could 
possibly  go,  and  then,  after  having  done  so,  we  applied  the  most 
splendid  tests  that  could  be  applied  to  those  lamps  and  machines 
to  which  the  awards  had  already  been  given.  That  is  to  say, 
that  although  we  did  our  utmost  to  distinguish  between  the  merits 
of  those  lamps  and  machines  which  we  perfectly  knew  to  be 
nearly  on  a  par,  yet  those  lamps  and  those  machines  were  tested 
again,  and  many  of  them  before  the  awards  were  actually  given. 
Most  of  the  dynamical  tests  were  conducted  by  M.  Tresca,  who  had 
already  had  great  experience  in  that  line  of  research,  assisted  by 
a  most  competent  committee  ;  and  if  the  results  be  published,  I 
am  perfectly  certain  that  they  will  be  about  the  most  valuable 
results  which  have  ever  been  issued  in  connection  with  electric 
lighting  up  to  the  present  time. 

The  experiments  which  were  made  were  of  two  classes.  One 
with  a  fixed  set  of  apparatus,  with  steam-engine,  dynamometers. 
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and  80  forth  on  a  fixed  place,  with  a  machine  set  running,  placed 
at  our  disposal,  and  photometric  appliances  in  a  dark  room 
separately.  In  this  instance  the  power  which  was  consumed,  as 
indicated  by  the  steam-engine,  was  registered  at  the  same  time 
that  measures  were  being  made  aA  to  the  candle-power  of  the 
lights.  The  other  system— one  on  which  I  insisted  very  strongly, 
because  it  enabled  us  to  measure  a  large  number  of  difierent 
systems  which  we  could  not  have  measured  otherwise  (and  which 
we  were  able  to  measure  before  the  jury  awards  were  announced) 
— was  simply  to  put  indicators  on  to  the  different  steam-engines 
which  were  ia  use.  The  machines  were  planted  in  the  best 
possible  way,  presumably,  in  which  the  exhibitors  could  show  them, 
and  indicators  were  put  upon  them  and  diagrams  taken ;  and  at 
the  same  time  photometric  measurements  were  made  on  the  lamps, 
careful  account  being  taken  of  the  number  of  lamps  in  circuit  at 
the  same  time,  and  of  the  regularity  of  the  lamps.  Thus  the  two 
systems  were,  first,  to  employ  the  steam-engines  and  machines  just 
as  they  were  fitted  up  by  the  exhibitors,  and  register  the  horse- 
power employed  per  lamp  as  indicated  by  the  steam-engine, 
which  is  a  very  important  thing ;  and,  secondly,  to  put  the  dynamo 
machines  on  to  the  steam-engine  which  was  specially  provided  for 
M.  Tresca,  and  to  examine  the  horse-power  that  was  employed 
in  each  of  the  different  systems. 

No  doubt  the  great  point  to  be  arrived  at  is  the  horse-power 
consumed  per  candle-power,  and  I  do  not  know  that  the  system 
employed  at  Paris  was  the  best,  but  I  believe  that  it  was  as 
efficient  as  anything  could  have  been  under  the  circumstances.  At 
the  beginning  of  the  jury  trials,  I  certainly  confess  that  I  feared 
that  sufficient  attention  might  not  be  paid  to  the  subject,  but  at 
the  end  of  it  I  am  convinced  that  a  most  thorough  system  of  trials 
was  undertaken ;  and  the  only  thing  I  fear  is  that  it  may  not  be 
possible  to  publish  all  the  results  (as  several  of  the  most  important 
members  of  the  jury  said),  because  it  might  compromise  the  ex. 
hibitors.  If  they  are  published,  I  am  certain  that  they  will  be 
the  most  important  results  which  have  ever  been  published  in 
connection  with  the  subject  of  electric  lighting. 

The  Peesident  :   I  am  sure  that  the  Society  will  forgive 
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Professor  Ayrtcm's  indiscretion  (if  it  was  one)  in  inviting  the 
members  of  the  jury  to  violate  the  secrecy  which  they  had  vowed 
to  each  other.  We  have  bad  from  both  Mr.  Moulton  and  Professor 
Forbes  extremely  interesting  renugrks^  and  I  think  it  is  matter 
for  great  satisfaction  that  it  should  be  publicly  known  that  the 
awards  of  the  jury,  which  will  b^  shortly  announced,  have  not 
depended  upon  general  impressions  formed  by  any  persons,  however 
eminent^  but  have  been  the  results  of  deliberate  and  careful  ez^ 
amination  and  testing  of  the  objects  to  which  they  relate. 

Professor  C.  A.  Abel  :  As  regards  the  exhibits  relating  to 
the  application  of  electricity  to  naval  and  military  purposes,  I 
regret  that  I  cannot  bring  before  the  Society  any  remarks  which 
would  be  of  special  interest  to  them.  There  were  some  interesting 
exhibits  of  the  kind,  but  I  think,  with  perhaps  one  exception, 
they  were  already  well  known,  not  merely  to  this  Society,  but  to 
those  gentlemen  in  this  Qoimtry  generally  who  have  devoted  tbeir 
attention  to  the  subject.  The  applications  of  electricity,  for 
example,  to  mining  purposes,  to  military  tel^raph  purposes,  and 
so  on,  have  been  before  us  in  various  ways  on  several  occadons. 

The  only  exhibit  of  special  interest  in  the  first-named  direction 
which  I  noticed  as  a  novelty  was  a  small  instrument  constructed 
by  Burgin  (on  the  same  principle  as  his  large  dynamo  macbine 
for  the  production  of  the  electric  light),  which  appeared  to  be 
(though  I  had  no  means  of  testing  on  the  spot)  a  very  efficient 
dynamo  machine  for  military  purposes.  There  seemed  to  be 
advantages  connected  with  it  in  reference  especially  to  the 
accumulation  of.  the  maximum  force  of  the  machine  before  it  was 
shunted  into  the  exploding  circuit.  Among  the  equipments 
exhibited  in  connection  with  military  telegraphy,  that  in  the 
American  section  much  struck  those  who  examined  them,  mainly 
in  regard  to  their  simplicity  and  apparent  efficiency,  especially 
perhaps  in  respect  to  portions  not  actually  electrical,  namely,  those 
relating  to  transport  of  the  equipments.  Some  duplex  instru. 
ments  without  condensers,  adapted  for  military  use,  exhibited 
in  the  Belgian  and  Spanish  sections,  attracted  the  attention 
of  military  men;  but  beyond  the  matters  I  have  mentioned, 
and  some  ingenious  appliances  connected  With  ballistic  science, 
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I  do  not  think  there  was  anything  connected  with  military 
matters  of  special  interest.  Our  militaiy-telegraphic  and  mining 
department  certainly  showed  consjncuonsly  by  the  complete 
absence  of  exhibits,  and  probably  to  this  is  to  be  ascribed  the  (I 
will  not  say  want  of  knowledge,  but)  want  of  information  ex. 
hibited  by  some  correspondents  of  important  papers  in  this 
country,  who  sent  us  from  time  to  time  most  interesting  descrip. 
tions  of  the  Tarious  branches  of  the  Exhibition,  but  who  told  us 
some  things  that  made  those  who  were  acquainted  with  the  condi- 
tion  of  military  telegraphy  in  this  country  smile  at  the  apparently 
benighted  condition  in  which  we  were  supposed  to  be  in  connection 
with  this  particular  branch  of  the  application  of  electricity.  I 
may  tell  the  members  of  this  Society  that  in  this  branch  we  had 
nothing  important  to  learn  at  the  Exhibition;  and  if  our  Govern, 
ment  had  thought  fit  to  allow  those  who  are  connected  with  this 
branch  of  the  service  to  contribute  an  exhibition  of  military, 
telegraphic  and  other  appliances,  England  would  certainly  have 
stood  preeminent  in  this  direction.  I  therefore  can  only  say 
that  I  trust,  when  there  is  another  electrical  exhibition,  official 
routine  and  official  reserve  will  not  prevent  our  standing  in  the 
front  rank  in  this  particular  branch,  as  we  should  do. 

Mr.  E.  Gbayes  :  I  have  only  to  express  the  great  satisfaction 
with  which  I  have  heard  the  very  lucid,  clear,  and  explanatory 
report  on  the  facts  of  the  Exhibition  that  has  been  compiled  by 
Sir  C.  T.  Bright  and  Professor  D.  E.  Hughes.  The  Post  Office 
exhibit  was,  as  has  been  stated,  a  collection  of  apparatus  intended 
mainly  to  show  the  historical  development  of  telegraphy  in 
England,  from  the  commencement  of  its  practical  operation  until 
the  present  day.  There  were  some  modem  instruments,  no  doubt, 
but  they  were  exhibited  rather  as  the  sequence  of  the  foregoing : 
they  were  not  displayed  in  action,  and  there  was  no  attempt  to  bring 
them  into  competitive  comparison,  so  to  speak,  with  those  of  foreign 
nations.  It  was  the  desire  of  the  English  Government  to  avoid 
anything  beyond  a  complimentary  display  that  should  be  credit, 
able  to  England  as  a  display^  but  should  at  the  same  time  avoid 
anything  like  interference  with  the  amowr  propre  of  any  foreign 
nation.    Our  position  was  rather  that  of  self-abnegation  than  of 
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attempting  to  claim  for  ourselves  any  prominent  place.  That 
we  succeeded  in  the  object  that  we  proposed  to  ourselves,  I  think  I 
may  fairly  claim^  though  we  were  pretty  well  abused  by  a  good 
many  newspapers  because  we  did  not  do  more ;  nevertheless,  as  we 
intended  to  do  no  more  than  we  did,  I  do  not  think  I  need 
apologise  for  the  shortcoming. 

The  Pbesidbnt:  We  have  been  hearing  about  the  past 
Exhibition  y  which  has  been  a  great  success ;  perhaps  we  may  have 
ihe  pleasure  of  hearing  something  about  a  future  Exhibition, 
which  we  hope  will  be  a  similar  success.  Major  S.  Flood  Page  is, 
I  believe,  present  with  us,  and  perhaps  he  can  give  us  an  indica- 
tion  of  the  arrangements  made  for  the  forthcoming  Exhibition  at 
the  Crystal  Palace. 

Major  S.  FLOOD  Page  :  Mr.  Chairman  and  gentlemen, — ^We 
<)ertainly  move  very  quickly  in  these  days,  but  I  must  confess  that 
I  was  hardly  prepared  that  we  should  pass  so  rapidly  from  the 
immediate  past  into  the  very  near  future.  I  cannot  help  feeling. 
Sir,  that,  speaking  for  the  moment  on  behalf  of  the  Crystal 
Palace,  and  so  far  as  the  Exhibition  which  we  are  going  to  have 
at  the  Crystal  Palace  may  be  considered  a  national  affair,  so  fttr  on 
behalf  of  the  nation,  that  we  may  be  very  much  encouraged  by  the 
report  that  we  have  just  heard.  Nearly  every  English  exhibit 
mentioned  in  that  report  as  being  of  the  first  interest  will  also  be 
exhibited  at  the  Crystal  Palace;  and  we  are  very  much  encouraged, 
Sir,  by  the  fact  that  so  very  large  a  number  of  the  distinguished 
members  of  your  Council  have  honoured  us  by  assisting  us  with 
their  knowledge  and  advice  in  the  arrangements  in  progress  for 
our  Exhibition,  and  have  become  members  of  our  Honorary  Council 
of  Advice.  In  my  opinion,  and  time  will  show  whether  I  am 
correct,  we  have  been  able  to  learn  something  from  the  marvellous 
Exhibition  that  has  just  been  held  in  Paris — ^I  mean  in  the  way  of 
a  more  scientific  arrangement  of  the  electric  light.  All  who  went 
to  Paris  must  have  felt,  especially  on  the  ground  floor,  the  impos- 
nihility  of  judging  the  effect  of  the  various  systems.  Of  course,  as 
Professor  Forbes  has  told  us,  the  jury  in  Paris  gave  their  decision 
from  a  scientific  point  of  view,  and  it  is  a  matter  (as  you  yourself 
have  said,  Sir)  of  the  greatest  possible  satisfaction  to  know  that 
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they  devoted  themselves  thoroughly  to  their  work,  and  based  their 
decisionB  upon  scientific  grounds.  But  there  is  another  point  of 
view  in  considering  an  exhibition  of  the  electric  light,  viz.,  there 
are  many  men  connected  with  railways,  with  large  works,  corpo- 
rations, local  boards,  and  others,  who  wish  to  have  the  satisfac. 
lion  of  judging  for  themselves  with  reference  to  the  effect  of 
different  lights.  It  is  our  intention  to  divide  the  Palace  for  electric 
lighting  in  such  a  manner  that  no  single  system  will  interfere  wilii 
any  other  system,  except  so  far  as  it  may  borrow  laterally  as  one 
gas  light  does  from  another,  and  every  one  will  be  able  to  judge 
of  the  effect  of  each  system  by  itself. 

There  is  only  one  system  of  importance  of  electric  lighting  at 
Paris  which  will  not  be  represented  at  the  Crystal  Palace,  that  is  the 
system  of  Mr.  Jaspar,  of  Li^,  who  led  me  to  believe  he  would 
come  over,  but  for  some  reason  or  other  he  has  not  yet  sent  in 
any  application,  while  several  systems  will  be  seen  for  the  first  time 
in  public.     We  shall  have  one  advantage  over  the  Paris  Exhi- 
bition,  viz.,  that  it  will  be  in  the  winter,  when  the  Palace  can 
be  lighted  up  at  four  or  five  o'clock  in  the  afternoon,  a  more 
convenient  hour  for  visitors  than  that  necessary  (eight  o'clock)  at 
Paris.    I  cannot  conclude  those  few  impromptu  remarks  without 
alluding  (in  the  presence  of  Mr.  Graves)  with  gratitude  to  the  fact 
that  Her  Majesty's  Post  Office  have  been  good  enough  to  undertake 
to  send,  and  will  send,  a  larger  and  more  important  exhibit  than 
they  had  at  Paris.    And  (in  the  presence  of  Professor  Abel)  I  can^ 
only  go  on  to  say  that  we  have  asked  the  War  Office  and  Ad. 
miralty  to  do  the  same  thing ;  and  if  Professor  Abel  will  use  his 
influence,  and  can  kindly  induce  the  War  Office  to  send  the  things 
fEuniliar  to  him,  but  not  to  the  British  public,  we  shall  be  extremely 
glad.    Just  one  other  word.  We  are  going  to  pass  a  vote  of  thanks 
to  Sir  C.  T.  Bright  and  Professor  Hughes  for  their  paper,  but  we 
must  not  forget  the  other  British  Commissioners,  and  we  can  hardly 
mention  them  without  a  feeling  of  shame  coming  over  us  as  English. 
meuy  and  at  the  same  time,  as  Englishmen,  a  feeling  of  pride — 
shame,  when  we  remember  that  our  Qovemment  was  so  shabby 
as  not  to  pay  a  single  penny  of  the  expenses  of  the  Conmiis. 
SLoners;  and  pride,  when  we  realise  that  these  gentlemen  gave 
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months  of  their  Talnable  time^  and  hnndieds  of  pounds  out  of 
their  pockets,  in  order  that  English  electrical  science  should  be 
worthily  represented  in  Paris  at  the  first  International  Electric 
Exhibition* 

Mr.  A.  Stboh,  Member :  One  interesting  subject  which  came 
to  my  notice  daring  the  Exposition  in  Paris  was  the  manufacture 
of  permanent  magnets.  Having  myself  been  engaged  in  the 
manufacture  of  a  great  many  permanent  magnets,  I  know  the 
difficulties  which  exist  in  obtaining  the  proper  quality  of  steel  for 
that  purpose.  Now,  in  the  Paris  Exhibition  the  permanent 
magnets  were  specially  under  my  notice  as  a  juror,  and  I  found 
that  most  of  the  makers  a£  permanent  magnets  who  exhibited 
used  one  particular  kind  of  steel,  a  kind  of  cast-steel  manufactured 
by  Messrs.  Cbarriire  et  Cie.,  Allevard  (Is^),  France.  It  is 
called  **  acier  d'AUevard."  This  steel  appears  to  be  well  known  in 
France,  and  the  exhibitors  showed  great  willingness  in  stating  that 
they  make  use  of  it  as  the  best  kind  of  steel  for  magnets ;  but  it 
never  came  under  my  notice  in  England^  and  I  believe  that,  if  it 
was  only  known  to  English  manufacturers  of  permanent  magnets, 
they  would  get  good  assistance  by  its  use.  For  instance,  in  the 
Gk>wer.Bell  telephones  we  have,  some  time  ago  in  this  room, 
admired  the  great  power  of  the  magnet.  M.  Trouve  bad  in  the 
Exhibition  magnets  which  carried  45  to  50  times  their  own  weight. 
The  magnets  in  the  Alliance  machine^  and  in  that  of  M.  de 
Meritens,  for  producing  electric  light,  and  many  other  powerful 
magnets,  appear  to  be  all  made  of  this  steel.  The  method  of 
hardening  and  magnetising  differs  with  each  manufacturer,  but  I 
know  from  my  own  experience  that,  having  once  obtained  the 
right  steel,  the  principal  difficulty  is  overcome^  and  it  does  not 
matter  much  which  process  is  employed  for  hardening  and 
magnetising. 

Mr.  A.  Lb  Nevb  Fosteb  :  May  I  be  permitted  to  say  a  few 
words  on  the  subject  of  permanent  magnets?  I  have  been  listening 
to  the  remarks  Mr.  Stroh  has  just  made  with  regard  to  the  use  in 
France  of  AUevard  steel,  and  can  endorse  a  great  deal  that  he  has 
said.  Like  Mr.  Stroh,  I  have  had  some  considerable  experience  in 
e  manufacture  of  magnets,  and,  further,  have  for  this  purpose  for 
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the  last  eighteen  months  or  so  been  using  large  quantities  of 
the  Allevard  steel.  I  have  made  a  number  of  experiments 
with  various  qualities  of  steel,  and  perhaps  the  results  obtained 
may  not  be  without  interest  to  the  members  of  this  Society. 

Of  each  particular  class  of  steel  tried,  quantitive  analyses  have 
been  made,  and  as  an  invariable  rule  I  have  found  that  there  is  a 
very  marked  superiority  in  all  the  samples  of  steel  which  contain 
in  their  composition  tungsten.  The  Alievard  steel  proves  on  analy. 
ffls  to  contain  some  three  per  cent,  of  tungsten,  and  it  is  to  this 
fact  that  I  attribute  in  a  great  measure  its  superior  magnetic 
qualities.  With  a  sample  of  German  steel  containing  about  half 
this  quantity  of  tungsten,  I  have  had  very  fair  results ;  whilst  with 
a  number  of  other  samples  of  steel  said  to  contain  tungsten,  I  have 
been  surprised  at  the  bad  results,  until,  on  analysis  in  each  case,  it 
was  proved  that  no  tungsten  existed,  and,  as  probably  many  of 
you  are  aware  that  tungsten  has  very  marked  reactions,  even  a 
very  small  percentage  would  be  detected.  It  appears  to  me,  as  far 
as  I  have  gone  at  present,  that  the  presence  of  tungsten  in  steel 
very  materially  improves  its  magnetic  qualities,  but  how  far  this 
holds  good,  and  what  part  other  substances  may  play  in  the  com- 
position of  steel,  I  am  unable  to  say. 

I  have  been  assured  as  a  fact  that  the  manufacturers  of  the 
Alievard  steel  were  not  themselves  aware  only  very  recently  to 
what  to  attribute  the  superiority  of  their  magnet  steel,  so  that 
with  them  its  manufacture  was  a  matter  of  chtace,  not  being 
acquainted  with  its  peculiar  composition,  I  am  not  certain,  but 
believe  I  have  heard  that  Dr.  Siemens  mentioned  at  a  meeting  of 
the  Steel  Institute,  that  he  had  found  the  presence  of  tungsten 
in  steel  to  improve  its  magnetic  qualities ;  at  any  rate,  from  my 
own  experiments  with  magnets,  I  certainly  have  arrived  at  this 
conclusion. 

Sir  C.  T.  Bbight  :  Professor  Hughes  and  myself  are  very 
much  pleased  if  we  have  given  any  information  about  the  Exhi- 
bition  to  any  of  those  who  had  not  the  opportunity  of  going  over 
to  Paris.  We  do  not  seem  to  have  had  any  difference  of  opinion 
during  our  discussion,  and  I  do  not  know  that  the  paper  itself  was 
likely  to  give  rise  to  any.    There  is  one  thing  I  may  add,  though 
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I  have  not  the  exact  figures,  bat  there  was  a  very  considerable 
profit,  something  like  £17,000,  accrued,  as  the  result  of  the  Exhi. 
bition,  to  the  French  Qovemment  The  total  power  of  the  electric 
light  exhibited  must  have  been  more  than  a  million  candles, 
and  the  total  horse«power  of  the  engines  employed  to  drive  the 
dynamo  machines,  and  £or  other  purposes,  was  upwards  of  1,800 
horse-power.  I  had  hoped  to  be  [able  to  announce  the  total 
number  of  visitors  to  the  Exhibition,  but  I  received  a  reply  firom 
Paris  this  morning  to  the  efiect  that  the  total  was  not  yet  made 
out. 

Mr.  B.  E.  Cboaipton  :  Before  we  separate  this  evening,  I 
think  that  we  who  were  Exhibitors  at  Paris  should  testify  to 
the  very  great  services  we  received  from  the  Commissioners, 
and  firom  the  Secretary  to  the  British  section  of  the  Exhibition. 
Those  who  were  present  in  Paris  when  the  Exhibition  was  inoom. 
plete,  in  its  early  stage,  when  the  whole  of  the  space  set  apart 
for  the  dynamo  machines  was  rough  like  a  ploughed  field,  will 
call  to  mind  how  they  saw  our  Commissioners,  hard-working  scien. 
tific  men  of  the  eminence  of  Lord  Crawford,  Professor  Hughes, 
and  others,  hurrying  about  in  their  shirt  sleeves,  in  fact,  doing  our 
work  for  us,  and  assLsting  us  in  every  way  to  get  our  exhibits  into 
order.  I  believe  but  few  of  you  are  aware  of  this.  I  myself  feel 
how  much  I,  as  one  of  these  exhibitors,  am  indebted  to  the  Com- 
missioners  for  their  aid  and  assistance.  We  should  never  have 
been  ready  in  time  but  for  them,  and  I  believe  most  of  the  other 
exhibitors  were  similarly  situated.  One  gentleman's  name  should 
not  be  passed  over  this  evening:  it  is  that  of  the  Secretary, 
Mr.  J.  Aylmer.  (Hear,  hear.)  He  worked  throughout  the  Exhibi- 
tion in  a  perfectly  untiring  manner.  He  was  always  to  be  found 
at  his  post,  from  the  first  moment  the  Exhibition  opened  in  the 
morning,  and  was  the  last  man  out  at  night.  Such  devotion  to  his 
duties  must  have  been  at  the  expense  of  his  own  private  business, 
and  I  hope  that  this  Society  will,  at  some  future  meeting,  take 
steps  to  co-operate  with  the  rest  of  the  English  exhibitors  in 
showing  our  appreciation  of  Mr.  Aylmer's  services  by  some  more 
substantial  token  than  a  mere  vote  of  thanks. 

The  Pbbsident  :  It  now  only  remains  for  me  to  ask  you  to 
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pass  a  formal  vote  of  thanks  to  Sir  C.  T.  Bright  and  Professor 
Hughesy  not  only  for  the  paper  which  we  have  had  to-night,  but 
for  their  great  services,  which  Mr.  Crompton  has  reminded  us  of, 
as  Commissioners  for  the  English  portion  of  the  Exhibition. 

Mr.  J.  F.  MOULTON :  I  have  great  pleasure  in  seconding 
that  resolution.  Not  being  an  exhibitor,  and  not  having  been 
in  Paris  at  the  commencement  of  the  Exhibition,  it  is  not  for 
me  to  speak  from  personal  experience  of  the  most  important  part 
of  the  services  that  were  rendered  by  the  Commissioners,  and 
Mr.  Aylmer,  their  Secretary,  but  I  have  never  seen  men  more 
thoroughly  devoted  to  their  work ;  and  I  think  that  the  fact  that 
the  English  exhibit  was  so  satisfactory  to  all  the  visitors  at  the 
Exhibition  was  very  largely  due  to  their  untiring  energy,  and  to 
the  way  in  which  they  absolutely  devoted  themselves  all  day  and 
every  day  to  their  duties.  For  this  paper  and  for  such  services  as 
those,  a  vote  of  thanks  is  a  very  slight  return,  and  I  most  heartily 
eecond  the  vote  of  thanks  to  Sir  C.  T.  Bright  and  Professor 
Hughes. 

The  vote  was  expressed  most  heartily. 

The  meeting  was  then  adjourned  imtil  the  15th  December, 
when  the  Annual  General  Meeting  will  be  held. 


YOL.  X.  SO 
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The  Hundred  and  Fifth  Ordinary  General  and  Tenth  Annual 
Meeting  of  the  Society  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminst^,  on  Thursday 
evening,  December  15th,  1881 — ^Professor  G.  C.  FosTBER, 
F,R.S.,  President,  in  the  Chair, 

The  minutes  of  the  last  meeting  were  read  and  confirmed,  and 
the  names  of  new  candidates  announced  and  suspended. 

Voting  papers  for  the  election  of  officers  for  the  ensuing  year 
were  deposited,  and  Mr.  F.  C.  Webb  and  Mr.  W.  Ladd  appointed 
scrutineers. 

The  Sbcrbtaby  then  read  the  following  reports : — 

ANNUAL  REPORT  OF  THE  COUNCIL. 

The  Council  have  satisfEtction  in  reporting  that  the  additions 
made  to  the  several  classes  of  Memb^s  during  the  year  are  as 
follows : — 

Honorary  Members  ...        ..  • .  1 

Members    •••        •••        •••        •••        24 

Associates  •• 50 

Students     •..         ...         ...         •••  1 

In  addition  to  which,  23  Candidates  are  announced  for  ballot  this 

evening. 

The    losses  by    death,   resignation,  and  other   causes   have 

amounted  to  41,  viz : — 

Foreign  Members  ...        3 

Members 11 

Associates 27 

Among  the  deaths  we  have  to  lament  the  loss  of  no  less  than 
five  officers  of  the  Royal  Engineers,  viz.— Col.  Glover,  Lieut.-Col. 
Anderson,  C.M.G.,  Major  Eckford,  Capt.  Heneage,  and  Lieut. 
Mac^regor. 

The  Institution  of  Civil  Engineers  have  continued,  with  their 
accustomed  liberality,  to  allow  the  General  Meetings  of  the  Society 
to  be  held  in  their  Lecture  Hall. 
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The  following  Papers  have  been  read  during  the  Session : — 

Some  Experiments  on  Indaction  with  the  Telephone.    By  A.  W.  Hmatisids, 

Member. 
Earth  CnrrentB— Eleotrio  Tides.    By  Alkx.  J.  8.  Adams,  Associate. 
On  the  Application  of  Dynamo-Electric  Machines  to  Bailway  Boiling  Stock, 

By  Lieut.  P.  Casdbw,  B.E. 
On  the  Interference  with  the  Processes  of  Manufacture  of  Wool  and  Hair, 

arising  from  the  development  of  Electricity  daring  Spinning,  with  a 

description  of  Apparatus  applied  to  obviate  it.    By  Edvakd  B.  Buoht, 

Member. 
Telegraphs  in  Japan.    By  J.  Morris,  Member,  Local  Honorary  Secretary 

and  Treasurer  for  Japan. 
On  the  Application  of  Electricity  to  Lighting  and  Heating  fbr  Domestic 

and  other  Purposes.    By  St.  Gkorob  Lanb  Fox  Pitt,  Member. 
On  Becent  Besearches  in  Badiophony.    By  W.  H.  Prbbci,  FJt.S.,  Past 

President. 
On  the  Construction  and  Working  of  a  Military  Field  Telegraph  (based 

upon  experience  gained  during  the  Campaign  in  Afghanistan  in  1878, 

1879,1880.)    By  P.  Y.  Luke,  Member. 
A  B^sum^  of  the  Earlier  days  of  Electric  Telegraphy.    By  Willouohbt 

Smith,  Member. 
*<  Badiophonie.**    By  M.  Mxrcadisr. 

On  Telegraphic  Photography.    By  Shxli ord  Bidwkll,  M.A.,  Associate. 
lies  Ohemins  de  Fer  Eleotriques.     By  Dr.  Wkrhu  Simsirs,   Foreign 

Member,  Honorary  Secretary  and  Treasurer  for  Oermany. 
L*Anneau  de  M.  PacinottL    By  M.  le  Professeur  Govi. 
The  System  of  Synchronizing  Clocks  adopted  in  London  and  elsewhere, 

with  an  exhibit  of  a  complete  set  of  all  the  various  instruments  con- 
nected with  its  working.    By  John  Axexavder  Luim,  Member. 
Beport  upon  the  Intemational  Exhibition  of  Electricity  in  Paris,  1881. 

By  Sir  Charles  Bright,  Member,  and  Professor  D.  E.  Hughes,  F.B.S., 

Member. 
On  a  Convenient  Form  of  Constant  Battery  of  very  Small  Besistance.    By 

0.  F.  Variet,  F.B.S.,  Member. 

Among  these,  the  commonications  of  Mr.  Adams,  Mr.  Preece, 
and  Mr.  Luke  led  to  important  discussions,  while  the  communica. 
tions  of  M.  Mercadier  and  Professor  Govi,  read  at  the  Paris 
meetings,  were  of  unusual  scientific  interest. 

Professor  Helmholtz's  visit  to  England  in  April  last  enabled 
the  Society  to  eyince  their  appreciation  of  that  distinguished 
physicist's  labours,  by  inviting  him  to  meet  its  members  and  a 
laxge  number  of  scientific  men  at  a  Conversazione  in  the  Flazman 
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GalleTy  and  the  library  and  adjoining  rooms  of  the  University 
College,  which,  through  the  good  offices  of  the  President,  were 
kindly  placed  at  the  disposal  of  the  Society  for  that  purpose,  by  the 
Council  of  the  College.  Thanks  to  the  readiness  with  which  their 
efiforts  were  seconded  by  many  members  of  the  Society,  the 
Committee  appointed  to  carry  out  the  arrangements  for  the 
Conversazione  were  able,  notwithstanding  the  very  short  time  at 
their  disposal,  to  bring  together  for  exhibition  during  the  evening 
a  large  collection  of  objects  of  great  scientific  and  technical 
interest. 

The  year  now  drawing  to  a  close  has  been  made  memorable  in 
the  annals  of  electrical  science  by  the  International  Exhibition  of 
Electricity  which  was  opened  in  Paris  in  August  last,  and  by  the 
Congress  of  Electricians  which  met  there  about  the  same  time,  and 
continued  its  deliberations  until  October. 

Both  the  Exhibition  and  the  Congress  owe  their  inception  to 
M.  Cochery,  the  French  Minister  of  Posts  and  Telegraphs ;  and, 
looking  to  the  undoubted  impetus  which  the  former  has  given  to 
every  branch  of  applied  electricity,  and  the  important  questions 
which  it  is  hoped  will  be  settled  by  the  latter,  the  Council  believe 
that  they  have  but  given  expression  to  the  unanimous  feeling  of 
the  members  of  the  Society  by  electing  M.  Cochery  an  Honorary 
Member  of  the  Society. 

Her  Majesty's  Government  having  in  the  first  instance  declined 
to  appoint  Commissioners  to  the  Exhibition,  the  Society  were 
requested  by  the  French  Government  to  endeavour  to  bring  the 
proposed  Exhibition  to  the  knowledge  of  English  electricians,  and 
to  take  measures  to  secure  the  due  representation  of  Great  Britain 
at  that  international  competition. 

Although  so  late  in  the  field,  the  Committee  which  was 
immediately  appointed  by  the  Council,  in  response  to  the  applica. 
tion  of  M.  Berger,  the  Commissaire  G^n^ral,  succeeded  in 
obtaining  the  co-operation  of  all  the  principal  English  companies 
and  firms  established  to  carry  out  the  various  branches  of  electrical 
engineering  work,  as  well  as  the  aid  of  most  of  the  leading 
electricians.  They  were  thus  enabled  to  secure  for  the  British 
Section  of  the  Exhibition  a  display  which,  although  perhaps  not 
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SO  complete  a  representation  of  the  position  occupied  by  this 
coontry  in  relation  to  the  science  and  practical  applications  of 
electricity  as  it  might  have  been  had  longer  time  been  available 
for  organisationy  was  still  not  unworthy  of  the  occasion.  The 
energetic  co-operation  of  our  Secretary,  Mr.  F.  H.  Webb,  contributed 
not  a  little  to  the  successful  result  of  the  exertions  of  the 
Committee. 

Some  time  before  the  Exhibition  was  opened,  the  Government^ 
on  the  joint  application  of  this  Society  and  the  Society  of  Arts, 
consented  to  appoint  Commissioners,  viz..  The  Earl  of  Crawford 
and  Balcarresy  F.B.S.,  Colonel  C.  E.  Webber,  B.E.,  Sir  Chas. 
Bright,  and  Professor  D.  E.  Hughes,  F.B.S.,  through  whose 
indefatigable  exertions,  ably  seconded  by  our  Local  Honorary 
Secretary,  Mr.  J.  Aylmer,  the  work  commenced  by  the  Society 
was  most  successfully  carried  on  up  to  the  last. 

For  the  convenience  of  visitors  to  the  Exhibition,  the  Council 
published  a  special  catalogue  oi  the  British  exhibits,  containing  a 
fuller  description  than  was  to  be  found  in  the  French  official  cata- 
logue. 

The  efforts  of  the  Society  in  these  matters  were  referred  to  in 
warm  terms  both  by  the  Minister  and  the  Commissaire  General 
upon  more  than  one  occasion,  and  have,  moreover,  been  signally 
recognised  by  the  distinguished  compliment  of  a  dipldme  d*honnewr 
being  awarded  to  the  Society  by  the  jurors. 

The  assembly  of  so  large  a  number  of  eminent  electricians  of 
all  countries,  among  whom  the  Society  could  reckon  many  of  its 
foreign  members,  suggested  to  your  Coimcil  the  desirability  of 
holding  a  short  stance  of  the  Society  in  Paris,  and  accordingly  two 
meetings  were,  by  ihe  kind  consent  of  the  Minister,  held  in  the 
Salle  des  Conferences,  in  the  Exhibition  Building,  on  the  22nd 
and  24th  of  September.  The  meetings  were  attended  by  the 
Minister  and  by  nearly  all  the  eminent  scientific  men  then  in  Paris, 
besides  a  large  number  of  our  home  members,  and  the  proceedings 
were  rendered  of  great  interest  through  the  valuable  communica- 
tions  on  telegraphic  and  electrical  science  which  were  read  upon 
those  occasions. 

The  financial  position  of  the  Society  is  satisfactory :  the  income 
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has  increased^  and  all  our  liabilities  have  been  paid  off,  and  it  will 
now  be  in  the  power  of  the  Council  to  commence  the  inyestment 
of  the  Life  Compositions,  which  hitherto  has  been  impracticable. 

As  will  be  seen  by  the  report  of  the  Librarian  appended  hereto, 
the  Library  has,  by  his  prompt  applications,  received  nomeroos 
accessions  through  the  liberality  of  authors,  while  other  additions 
have  been  made  by  purchase. 

In  accordance  with  the  expressed  assent  of  a  very  large 
majority  of  members  at  home  and  abroad,  and  in  conformity 
with  the  resolution  passed  at  the  Special  General  Meeting  held 
last  December,  the  Society  has  adopted  firom  the  commencement 
of  the  year  its  amended  title,  by  the  addition  of  the  words,  '^  and 
of  Electricians  ;*'  and  the  proportion  of  scientific  names  to  be  found 
among  the  list  of  members  elected  this  year  seems  to  afford  evidence 
that  this  alteration  of  the  title  has  certainly  assisted  in  makii^ 
better  known  a  £&ct  which  appears  to  have  been  previously  only 
partially  recognised,  viz.,  that  the  Society  is  established  to  promote 
Electrical  Science  in  aU  its  branches. 

The  proposed  incorporation  of  the  Society  under  the  ''Com- 
panies Act"  has  rendered  it  desirable  that  the  Rules  and  Begula. 
tions  should  undergo  some  revision,  and  this  matter  has  been  under 
the  careful  consideration  of  a  Special  Committee  appointed  for  thi^ 
purpose.  Their  recommendations,'  approved  by  the  Council,  are 
now  under  the  consideration  of  your  Honorary  Solicitor,  with  a 
view  to  framing  the  Articles  of  Association,  which  will  shortly  be 
submitted  for  your  approval  at  a  Special  General  Meeting. 

The  Council  have  much  pleasure  in  recording  the  continued 
kind  services  of  the  several  Local  Honorary  SecretarieS|  to  whose 
exertions  are  due  to  a  great  extent  the  increase  in  the  number  of 
members  elected  during  the  year,  and  the  reduction  of  the  arrears 
of  subscriptions,  which  at  one  time  seriously  crippled  the  action  of 
the  Society. 

Li  conclusion,  the  Council  feel  justified  in  congratulating  ihe 
taembers  generally  upon  the  firm  position  which  the  Society  has 
attained  in  the  scientific  world. 
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SOCIETT  OF  TeLEOBAPH   EnOINEEBS  AND   OF   ELECTRICIANS, 

4,  The  Sanctuabt,  London,  S.W., 

December  15<A,  1881. 

Deab  Sib, 

I  have  the  honour  to  submit,  for  the  information  of  the 
Council,  the  following  Report  upon  the  Library  of  the  Society  for 
the  present  year. 

The  Library  was  declared  open  to  the  Members  on  the  lOih 
November,  1880,  and,  on  the  1st  January  this  year,  was  thrown 
open  with  certain  restrictions,  to  the  public  generally.    Li  order 
to  meet  the  convenience  of  those  not  able  to  visit  the  Library  in 
the  daytime,  it  was  decided  to  have  the  Library  open  in  the 
evening  till  8  o'clock  on  four  evenings  in  each  week,  and  this 
privilege  has  been  taken  advantage  of  by  many  Members  of  the 
Society  and  others. 

The  number  of  visitors  since  the  1st  January  this  year  has  been 
as  follows : — 

Members  •••         ...         ...         •••        180 

Non-Members     158 

Total    ...        388 

The  visitors  were  not  very  numerous  during  the  early  part  of 
the  year,  owing  no  doubt  to  the  fact  that  the  opening  of  the 
Library  was  not  generally  known,  nor  was  the  attendance  during 
the  siunmer  months  very  great ;  but  from  the  number  of  visitors 
during  Uie  past  two  months,  I  venture  to  think  that  now  the 
Library  is  becoming  better  known,  its  usefulness  will  be  more 
appreciated,  and  the  attendance  greater. 

I  would  again  draw  attention  to  the  valuable  collection  of 
Specifications  of  Electrical  Patents  which  the  Society  possesses. 
These  specifications  are  presented  by  H.M.  Commissioners  of 
Patents,  on  application  being  made  for  them ;  and  I  have  made  it 
my  especial  duty  to  compile  the  lists  each  week  in  order  that  the 
specifications  may  be  obtained  immediately  after  publication. 
Visitors  to  the  Library  are  therefore  able  to  refer  to  all  the  latest 
published  specifications  on  electricity,  magnetism,  and  their  applica. 
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tioBy  without  the  necessity  of  a  previous  search,  and  a  journey  to 
the  Patent  Office  for  the  purpose.  The  time  and  trouble  thus  saved 
must  therefore  in  many  cases  be  considerable,  and  the  fact  that 
the  Society  possesses  such  a  collection  cannot  be  too  widely  known. 
I  am  glad  to  say  that  this  collection  has  already  been  found  of 
great  value,  and  has  been  much  referred  to.  I  may  add  that  there 
have  been  more  than  430  electrical  patents  taken  out  since 
January  1st  this  year.  While  referring  to  electrical  patents,  I 
would  mention  that  the  Official  Gazette  of  the  United  States  Patent 
Office,  containing  short  abstracts,  with  illustrations,  of  all  the 
United  States  Patents,  is  received  in  the  Library  every  week ;  a 
complete  set  from  January  1st  having  been  presented. 

The  large  number  of  English  and  foreign  periodicals  which  are 
received  have  been  as  far  as  possible  completed  and  bound  up,  and 
they  form  one  of  the  most  valuable  portions  of  the  Library. 

At  the  end  of  this  report  I  have  appended  a  catalogue  of  the 
accessions  to  the  Library  during  the  year.  It  will  be  seen  that 
these  accessions  are  very  numerous,  more  than  165*  books  and 
papers  having  been  acquired,  many  of  them  of  great  value  and 
importance.  The  greater  portion  of  these  have  been  presented 
by  the  authors,  and  the  thanks  of  the  Society  are  due  to  those 
gentlemen  who  have,  either  voluntarily  or  at  my  request,  furnished 
the  Library  with  copies  of  their  works. 

I  desire  particularly  to  draw  attention  to  a  collection  of  docu- 
ments presented  by  the  Bureau  Litemational  des  Administrations 
T^legraphiques,  Berne.  These  documents  form,  together  with  those 
which  were  previously  in  the  Library,  a  complete  collection  (with 
one  exception)  of  the  works  published  by  the  Bureau.  The 
Society  is  to  be  congratulated  upon  having  received  this  valuable 
present. 

My  visit  to  Paris  enabled  me  to  obtain  several  works  both  by 
presentation  and  purchase,  some  of  which  I  should  not  otherwise 
have  heard  of,  and  which  have  been  accordbgly  added  to  the 
Library.    Through  the  kindness  of  Prof.  Hughes  and  Mr.  Aylmer, 

•  These  figures  do  not  include  the  works  presented  by  Mr.  G.  J.  Symons, 
7Jt.B.,  hereafter  referred  to. 
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I  obtained  special  permission  to  examine  several  of  the  very 
valuable  and  interesting  collections  of  books  exhibited  at  the 
Paris  Exhibition ;  and  it  is  satisfactory  to  know  that,  with  the 
exception  of  Mr.  Latimer  Clark's  collection,  they  contained  bat 
few  rare  books  which  the  Society  itself  could  not  have  exhibited. 

One  of  the  important  results  of  the  Paris  Exhibition  has 
been  tho  publication  of  an  Italian  bibliography  of  Electricity 
and  Magnetism,  w^ch  is  stated,  in  the  preface  to  the  work,  to 
have  been  partly  compiled  from  the  Bonalds  Catalogue. 

I  have,  during  the  past  two  years,  compiled  a  classiGed  subject 
index  to  the  Journal  of  the  Society,  from  the  beginning  to  the 
present  time,  which  I  forward  herewith,  and  which  I  shall  be 
happy  to  place  at  the  disposal  of  the  Society.  Should  the  Council 
accept  it,  I  will  make  it  complete  up  to  the  end  of  the  tenth 
volume,  the  last  number  of  which  will  be  published  at  the  end  of 
the  year.  The  compilation  of  this  index  has  been  a  work  of  great 
labour,  and  was  undertaken  to  supply  a  want  which  has  been  felt 
for  a  long  time  past,  and  the  M.S.  has  already  been  found  of  much 
value. 

The  limited  sum  placed  at  the  disposal  of  the  Library  Com. 
niittee  for  the  purchase  of  new  books  will  not  permit  very  much 
to  be  done  towards  perfecting  the  Library,  but  I  shall  always  keep 
this  object  in  view,  and  &om  time  to  time,  where  possible,  obtain 
such  works  as  are  required  to  make  the  Library  as  complete  as  its- 
importance  deserves. 

I  am,  dear  Sir, 

Yours  faithfully, 

A.  J.  FROST, 

Librarian. 
F.  H.  Webb,  Esq., 

Secretary  of  The  Society  of 

Telegraph  Engineers  and  of  Electricians. 

PS. — Since  writing  the  above,  I  have  received  the  enclosed 
letter  from  Mr.  Q.  J.  Symons,  F.R.S.,  accompanying  a  parcel  con. 
taining  60  important  and  valuable  works  on  Lightning  and  Light, 
ning  Conductors,  a  list  of  which  is  also  enclosed  herewith. 

A.  J.  F. 
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[Copt.] 

"  62,  Cauden  Squabe,  London,  N.W., 

"Dec.  19,188L 
**  A.  J.  Frost,  Esq.,  Librarian^ 

"  Society  of  Telegraph  Engineers. 

"  Dbab  Sib, 

'*  Taking  great  interest  in  Scientific  Bibliography,  I 
naturally  esteem  very  highly  the  services  to  science  which  yoor 
Society  has  rendered  in  issuing  the  Bonalds  Catalogue,  and  in 
rendering  the  Library  accessible. 

''  Finding  that  I  have  a  good  many  books  and  papers  on  elec 
trical  subjects  which  are  not  in  the  Bonalds  Library,  and  having 
(now  that  the  Lightning  Bod  CSonference  has  finished  its  work)  no 
special  need  for  them,  I  have  decided  upon  offering  them  all  to 
your  Society,  as  at  once  a  duty — that  of  helping,  as  far  as  in  me 
lies,  to  perfect  your  splendid  collection — and  as  a  slight  indication 
of  my  appreciation  of  the  good  work  done  by  your  Society. 

"  I  believe  the  enclosed  is  a  nearly  perfect  list  of  the  contents 
of  the  parcel  which  will  be  sent  to  you  to-morrow. 

(Signed)  "G.  J.  SYMONS." 

LIST  OF  WOBKS  PBESENTED  TO  THE  LIBBABY  BY 
G.  J.  SYMONS,  Esq.,  F.B.S. 

Insiraction  sor  lea  Paratonneres  adoptee  par  TAcad^mie  Boyale  des  Sciences,  le 
28  Jain,  1828.    Svo.    51  pp.    2  plates.    Gay-Lussac,  rapporteur. 
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graphed,]  Mustoorie,  1878 

Bnchanan  [G.]     An  account  of  the  chimney  of  the  Edinburgh  Gas  Works. 
Svo.    8  pp.    \Proc  JRoy.  Beoi,  8oc  ArU,^  Edinburgh,  1861 


1881.]  UBBABIAN'S  BEPOBT.  489 
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Lyon,  1852 

Gay-Lussac   et   Ppnillet.     Instruction  sur  les  Faratonnerres  adopts  par 
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written  by  occasion  of  a  fearefull  Lightning  which  on  the  175i  day  of 
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bewafneten  geb&ude  beflndet.    8yo.    53  pp.  Mannheim,  1789 

Henry  [<^0  Directions  for  constructing  Lightning  Bods.  8vo.  [Smithsonian 
Institution.]    4  pp.  Woihington,  1871 
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Boe.  des  Sciences  Nat.  de  Btrashourg,^  Strasbourg,  1869 

Janiant.  Noveau  Paratonnerre  accepts  par  TAcaddmie  des  Sciences.  8yo. 
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Plieninger  [Dr.]  Cber  die  Biitzableiter,  ihre  Yereinfachung  und  die  Vermin- 
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physiologie  clinque.    8vo.    169  pp.  Pan$,  1880 

t  Bouleng6  [P-  I^]*     Description  et  emploi  du  chronographe  le  Boulengtf. 
Svo.    64  pp.    2nd  Edition.    4  plates.  SruwelUi — Pairis,  1877 

Brassenr.    [FWs  Sussex,  S.  W.  de.] 
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.  Documents  de  la  Conference  TeUgraphique  Internationale  de  Borne, 

1872.    Fcap.4to.    688  pp.  Berne,  1972 
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229  pp.  Pcm8, 1881 

• Catalogue  Officiel.    Section  Beige.    8yo.    55  pp.  BruxeUes,  1881 
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sium.   8vo.    12  pp.     [Proe.  Boy.  8oe.,  No,  200.    1879.]  Lond4m,  1879 

*  ^.^^    Influence  of  Voltaic  Ourrents  on  the  I>iffusion  of  Liquids.    8to. 
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Braunschweig,  1876 

t  Hope  [A.  B.]    Wonders  of  Electricity.    Sm.  8vo.    128  pp.  London,  1881 
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*  Incorporated  Law  Society.  Calendar  for  1881.  8yo.  696  pp.    London,  1881 

*  Institution  of  Mechanical  Engineers.   Proceedings.   Svo.     London,  I88I 

*  Iron  and  Steel  Institute.     Journal.     8yo.     10  vols.     1869-1880. 

London,  1880 

Italian  Telegraphs.    [FtdflD'Amico.] 

^  Jamieson  [A.]  The  History  of  Selenium  and  its  action  in  the  Bell  Photo- 
phone,  with  description  of  a  recently  designed  form.  Svo.  13  pp. 
Plates.  Glasgow,  1881 

«  The  Laying  and  Bepairing  of  Submarine  Gables.    8vo.    48  pp. 

Glasgow,  1881 

t  Jamin  [JJ    Cours  de  Physique  de  r6cole  polytechnique.    8vo.    3  vols. 

Paru,  1868-8-9 

f  — ^  Les  Essais  d'dclairage  ^ectrique  )i  I'opera.  8vo.  9  pp.  [Revue  dee 
dem  Mondes.    Nov,"]  Paris,  1881 


Japp  [i^-  J.  H.]    [7td«  Fraser*8  Magazine.'] 
Jordan  [W.  L.]    The  Elements.    2  vols.    8 

t  Jouhert  [M.  J.]    Etudes  sur  les  machines  magntfto-^ectriques.    4to.    46  pp. 
[Ewt.  des  Ann,  de  VEcole  NormaXe  Svp&iewre,    Tome  X,  1831.]  Paris,  1881 


t  Jordan  [W.  L.]    The  Elements.    2  vols.    8vo.    Plates  and  Maps. 

London,  1866-67 
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*  Kftlmintfap  of].    The  Two  Boutes  to  Kabul,  via  Jellalabad  and  via  the 

Knram  Yalley.     Diagram  of  Field  Telegraph--Pe8hawar  to  Kabul. 
8  Maps.  1879*1880 

Presented  by  S.  P.  Y.  Lnke,  Esq. 

*  Kempe  [H-  B.]    A  Handbook  of  Electrical  Testing.    8yo.    872  pp. 

London,  1881 

t  KohlAinrt  (^0    Die  Elektrlschen  Wasaerstands-Anzeiger.    8vo.    70  pp. 

BerUn,  1881 

*  La  Bne  [Warren  dej.    The  Phenomena  of  the  Electric  Discharge  with 

14,400  Chloride  of  Silver  Cells.    Syo.    29  pp.    1  plate.    [Boy.  Jn«e.] 

London,  1881 

*  L'ElectricitJ.    Bevne  Scientiflqne  Illostr^    Vol.  L    Sm.  Fo.       Pant,  1881 

By  Exchange. 

t  Levander  [F*  W.]    Solutions  of  the  Questions  in  Magnetism  and  Electricity 
set  at  Preliminary  B.  Sc.  Examinations.    8yo.    94  pp.       London,  1880 

*  Idverpool  Engineering  Society.    Transactions.    8vo.  Xivtrpool,  1881 

t  Maxwell  [J-  Clerk,  F.B.S.1   An  Elementary  Treatise  on  Electricity.   Edited 
by  Wm.  Gametty  M.A.    8vo.    206  pp.  and  plates.  Oiiford,  1881 

*  — —    A  Treatise  on  Electricity  and  Magnetism.    2  Vols.    Plates. 

Ottford,  1881 

*  Mechanical  Engineers,   Proceedings,    svo.  London,  1881 

By  Exchange. 

t  Merling  [A.]   Die  Telegraphen.   Technik.   Syo.   764  pp.        Hannovor,  1879 

t  Monitenr  Offidel  de  ITlectrlcit^.    Bevue  hebdomadaire  illustr^e  des 
arts  des  sciences,  et  de  l*industrie.  Potm,  1881 

t  Montagn  [A.]    Aimantation  Univenelle  yie  6th6r^  et  vie  plan6taire.    Syo. 
240  pp.  PariM,  1874 

*  Montreal  Telegraph  Co-    I^  of  Stations.    8vo.    20  pp.       MontroaH,  1880 

*  ■    Annual  Statement  of  President,  and  List  of  Shareholders,  1880.    8yo. 
19  pp.  Montreal,  1881 

t  Nenmann  [P*]    Yorlesungen  fiber  die  theorie  des  m^gnetismus  namentlich 
iiber  die  theorie  der  magnetischen  induktion.    Boy.  8yo.    116  pp. 

Lo^ig,  1881 

^  Niaudet  [A.]    Machines  61ectriques.    2nd  Edition.    8yo.    203  pp. 

PaH$,  1881 

*  Nystrom  [C.  A.]   La  Section  Su^doise  de  I'Exposition  Internationale  d*j^lec- 

tricit^  en  1881.    Description  Sp^iale.    12mo.    133  pp.  Porit,  1881 

t  (hrerend  [Josh.],  M.A.    Elementary  Experiments  in  Magnetism  and  Elec- 
tricity.   12mo.    76  pp.  Edinburgh,  1879 

*  Padnotti  [Antonio].     Sulle  Elettricitlt  date  dalle  coppie  per  attrito.    8yo. 

22  pp.    {EttraUo  daX  Nuotfo  Cimento,    Serie  IL    Vol.  XIIL]  P<«a^l875 

*  _— .    Sulle  Elettricit)^  prodotte  dalle  coppie  per  attrito.     8yo.     76  pp. 

Mem.  II.    [Esiraito  dal  Nw>vo  Cimento,   Serie  II.  Vol.  XTV.]  Pita,  1976 

*  -^—    DescrizionediunamacchinettaEIettro-Magnetica.  8yo.  7  pp.  1  Plate. 

[Bstratto  dai  Nuovo  Cimento  Qiugro,  1864.]  Pi$a,  1864 

Sulle  Elettro-Calamite  Trasversali.    8yo.    21pp.    1  Plate.    [EstroHo 


dal  Saovo  Cimento.    Serie  IL    Vol.  IX.    1873.]  Pisa,  1878 
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t  Paiya  [Adnino,  de].    La  t^eicopie  ftleotriqiie  bai^  siir  rnnploi  da  s^rfniwn. 
8yO.    48pp«  Porto,  1880 

*  Parlianiellttty  Pftljer.     Beport  from  Select  Ooxmnittee  on  laghting  br 

Electricity.    Fo.  L^^don,  1879 

*  Parry  [JO    Preliminary  Besolts  of  an  Investigation  on  the  Electric  Oon- 

dactivity  of  Glass  at  diflSsrent  temperaturei.    Svo.    5  pp.    [Proc.  Roy. 
5oc.y^No.  188.   1878.]  Xoiulofsl875 

— ^— .    [See  alio  Ayrton  and  Perry.] 

*  Perry  ^n^  Ayrton.    a  Preliminary  Account  of  the  Beduction  of  Obeerva- 

tions  on  Strained  Material,  Leyden  Jars,  and  Yoltameteiv.    [Proc  Boy. 
Soe.,  No.  204, 1880.]  London,  1880 

[See  also  Ayrton  and  Perry.] 

*  PiflSarewsky  [N.]    GkUvanic  Elements  employed  in  l^elegraphy  in  different 

countries.    4to.    67  pp.    Plates.    [ButtuMi.]  8t.  Ptitenhm-g,  1880 

*  ■    Meidinger  Element   as  used  in  Bussia.    4to.     12  pp.  plates. 

[fiuMiofi.]    8t,P9tor$burg,lBBi 

*  Preeca  [W.  H.],  FJl.S.    Sur  la  m^sure  pratique  des  grandeurs  ^lectriquesi 

8to.    25  pp.  Pom,  1881 

t  Prescottt  [C^*  B.]    ElectHcity  and  the  Electric  Telegraph.    8vo.    98  pp. 

New  York,  1881 

t  BfHl<^l<flfft  [C.  B.]    Vital  Motion  as  a  Mode  of  Physical  Motion.  Syo.    252  pp. 

London,  1876 

*  BansomeB.  Head,  ft  Jefferies.    Steam  Engines  for  Driying  Electric  Light. 

Machinery.    4to.    28  pp.  l^ovMion,  1881 

Bichardson  [B.  W.]    [Vide  QentUman*$  Magaaine.^ 

*  BonftMff  [S^  Francis]  and  others.    Collection  of  Ck)rrespondence  and  other 

Documents  relating  to  Electric  Telegraphs.    4to.  1816 — 1870 

[NoTS^— This  interesting  collection   coataim  the  imp(»iant  and 

curious  letter  from  Sir  John  Barrow  to  Francis  Bonalds,  dated  6th 

Aug.,  1816.]  Presented  by  J.  0.  Garter,  Esq. 

*  BoBSetti    [F«]  ft   Oantoni  [O.]      Bibiiografla   Italiana    di   Elettricitk  e 

Magnetismo.    4to.    117  pp.  PoiiotM^  1881 

[This  important  Bibliography  of  Italian  works  on  Electricity  and 
Magnetism  nas  been  partly  compiled  from  the  Bonalds  Catalogue.] 

*  Bosetti  [Francesco].    Sullo  stato  presente  della  telegrafla  e  della  telefonia. 

8to.    85  pp.  Padova,  1881 

t  Bottok  [Capt.]    Die  Deyiationstheorie  und  ihre  anwendung  in  der  Praxis. 
8yo.    119  pp.,  and  plates.  BorUn,  1881 

*  Boyal  Engineers'  Institute.    Occasional  Papers  of.   8vo.   Vols.  IV.  and  T. 

OTiot^om,  1880-81 

*  Boyal  [Observatory]    Greenwich.    Bates  of  Chronometers   on  trial  for 

purchase  by  the  Board  of  Admiralty.    4to.    7  pp.  London,  1881 

*  ■    Description  of  the  Greenwich  Time  Signal  System.    4to. 

Loiulofs  1881 

*  ■    Magnetical  and  Meteorological  Ovservations.      1879.     4to. 

Xondon,  1881 

^  Bnssian  Telegraphs*   Statistical  Beport  for  1870.   Sro.   40  pp.  1879 

Presented  by  the  Director-Gttieral  of  Bussian  Telegraphs. 
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t  SaaTectra  [Don  A..  S.]    Tiatado  de  Telagrafia.    2nd  Edn.    8to.    659  pp. 

Bare#2ofia^  1880 

*  Salvatori  [F.]    Istrazioni  suIlHuo  del  ponte  di  Wheatstone.     8to.    71  pp. 

Soma  and  FirmiMe,  1881 

t  Sawyer  [W.  E.]    Electric  Lighting  by  Incandescence,  and  its  Application  to 
Interior  Illumination.    8yo.    185  pp.  New  Twh,  1881 

t  Schellen  l^-  H.1    Die  magneto  nnd  dynamo  elektrischen  maschinen.    Svo. 
423  pp.  *  Koln,  1879-80 

*  Sehwendler  [Loniq.    On  some  Experiments  instituted  to  supply  all  the 

lines  terminating  at  the  Oalcatta  Telegraph  OfiSce  witn  currents 
tapped  from  the  Main  Current  produced  by  a  Djmamo-electric 
Machine.  8vo.  8  pp.  [Jbumol  of  Aaiatie  Boeiety  V  Bsngdl.  Vol. 
XLIX.,  Fart  H.,  1880,  p.  167.    See  also  abstract  of  same  paper.]      1880 

*  Beport  on  the  Electric  light  at  the  East  Indian  Bailwaj  Oompony's 

SUtion,Howrah,  (Calcutta).    Fol.    9  pp.  CaleuUa,lS8l 

t  Scrlbner's  Monthly.    Edison's  System  of  Fast  Telegraphy.    8yo.    7  pp. 
[Oct.,  1879.]  London,  1879 

t  Sebert  [H.]     Notice  sur  de  nouTeaux  appareils  balistiques.     1  YoL  Plates. 
8yo.    20  pp.  Parif,  1881 

*  Siemens  [0.  W.], D.O.L.,  FJEt.S.  Oopy  of  Oommunication  from  the  « Times'* 

and  from  « Nature"  regarding  the  Smoke  Question.  8yo.  16  pp. 
Plates.  London,  1880 

*  .    On  the  Dynamo-electric  Current,  and  on  Oertiiin  Means  to  Improve 

its  Steadiness.    4to.    18  pp.    [Phil.  2Van«.]  London,  1880 

f Le  gaz  et  Telectricit^.    Svo.    36  pp.  Parif,  1880 

*  ■  Gas  and  Electricity  as  Heating  Agents.    87o.    23  pp.    Plates. 

Zxmdon,  1881 

«  —    Some  Applications  of  Electric  Energy.    8vo.    16  pp.       London,  ISBl 

*  — ^    Science  and  Industry.    An  Address  delivered  in  the  Town  Hall, 

Birmingham,    dvo.    28  pp.  London,  1881 

[Vide  CatMdlVM  Family  Magaain$,] 

*  Siemens  [Werner].  Qosammelte  Abhandlungen  undVortr&ge.  8vo.   582  pp. 

and  portrait.  Berlin,  1881 

*  Smith  [Willoughbyl.     B^sum^  of  the  Earlier  Days  of  Electric  Telegraphy. 

Svo.    66  pp.    [FronehandBngU$h,]  1881 

*  Smithsonian  Institution-   Annual  Beport  of  the  Board  of  Begents.    8vo. 

852  pp.  WashingUm,  1871 

• Annual  Beport.    8yo.    631  pp.  WaeKinston,  1880 

t  Somz^  [L.]     Moyens  de  pr^yenir  les  explosions  dans  les  mines.     Svo. 
24  pp.    8  plates.  Sehaerbeeh,  tB80 

*  Sussex  [8.  W.  de].    Appareils  Ttfl^graphiques  It  transmission  en  duplex  sans 

condensateurs.   Syst^me  Brasseur  and  De  Sussex.   Svo.    16  pp.   Plates. 

Bnmelles,  1878 

*  Ternant  [A.  L.]     Epreuves  ^lectriques  pratiques  des  cables  sous  marins. 

Svo.    41pp.  Ports,  1880 

*  .   IiesT^ltfgraphea    8va    868  pp.  PM#,  1881 
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*  Tdmant  [A.  L.]    Kanael  pratiqne  dA  T^igraphie.  Svo.  28  pp.  Londtm,  1881 

t  Thompson  [S.  P.]  B.A.,  D.8o.  Elementary  Lessons  in  Electricity  and 
Magnetism.    Svo.    446  pp.  London^  1881 

*  Thomson  [Bir  W.],  D.O.L.,  F Jt.S.     Electrolytic  Gondnction  of  Solids.    Sro. 

2  pp.    [Proe.  Boy,  Boo.    No.  183.    1875.J  London^  1876 

*  ■  Electro-dynamic  Qualities  of  Metals.'  EflTects  of  Stress  on  Indactive 
Magnetism  in  Soft  Iron.  8yo.  2  pp.  [Pro^  Boy.  Boo.  No.  162,  p.  478. 
1876.]  London,  1875 

t  ■  ft  Tait  [P*  ^.]    Elements  of  Natural  Philosophy     Part  L     ft  vo. 

279  pp.  Oaford,  1878 

t  Tripier  [Dr.  A.]    Manuel  d'^leotrothtfrapie.    8vo.    624  pp.  Painty  1861 

t  Tyndall  [J*]    Lemons  sur  I'^ectricit^.    Svo.    151  pp.  Pario,  1878 

*  University  GoUege*    Oalendar  Session,  1881-82.    8?o.    885  and  88  pp. 

London,  1881 

t  Weidenhaeh  U^A  Oompendinm  der  elektrischen  telegraphic.  8  weite 
augsgabe.    8vo.    564  pp.  "  Wiethadon,  1881 

^  Wheatstone  [Sir  a]    The  Scientific  Papers  of.    Sto.    880  pp.   London,  1879 

Presented  by  the  Physical  Socie^. 

i    [F?(d0  Salyatori.] 

*  Zenoni  [Antonio].    H  Telegrafista.    Svo.    228  pp.  Pom,  1869 

t  Ziegler  [M.]    Le  Bayonnement  magntftiquett    8to.    81  pp. 

Qonhfo^Bai&^Lyon,  1881 

A.  J.  Fbost,  Librarian. 


The  Pbesidbnt:  In  asking  you  to  propose  that  the  reports  be 
adopted  and  printed  as  part  of  our  proceedings,  I  think  I  can 
fairly  congratulate  the  Society  on  its  present  position  and  prospect 
of  future  success ;  and  I  may  also  refer  to  the  very  satisfajctory 
state  of  the  Library,  and  the  results  that  have  followed  upon  the 
zeal  with  which  our  Librarian  has  looked  after  its  interests. 

Mr.  M.  F.  ROBEBTS :  I  have  great  pleasure  in  proposing  that 
the  report  which  has  just  been  read  be  adopted,  and  I  am  sure 
every  member  present  cannot  but  consider  it  most  satisfactory,  and 
that  it  augurs  well  for  the  future  prosperity  of  our  Society. 

I  should,  however,  like,  with  the  President's  permission,  to  take 
this  opportunity  of  referring  to  the  method  followed  in  the 
election  of  new  members  to  fill  vacancies  in  the  Council.  The 
members  have  all  doubtless  remarked  that,  in  this  year's  balloting 
list,  just  so  many  names  have  been  nominated  by  the  Council  as 
are  required  to  fill  the  vacancies,  thus  practically  making  the 
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ballot  which  is  now  going  on  almost  a  matter  of  form.  In 
referring  to  this  question,  I  cannot  but  say  that  I  think  the 
new  names  which  have  been  proposed  could  not  possibly  be 
improved  upon,  and  in  this  view,  donbtless,  every  gentleman 
present  will  agree — (hear,  hear) — ^but  I  think  it  would  certainly 
tend  to  the  well-being  of  the  Society  if,  in  future,  the  Council 
put  forward,  say,  double  the  number  of  names  required,  and 
members  would  then  have  an  opportunity  of  exercising  some 
selection,  and  of  making  the  ballot  more  than  a  mere  matter  of 
form.  At  present  it  would  be  almost  impossible,  in  the  few  days 
that  elapse  between  the  time  when  the  list  of  the  proposed  new 
members  is  circulated  and  the  day  on  which  the  ballot  takes  place, 
for  a  sufficient  number  of  members  to  arrange  to  vote  for  another 
gentleman  in  place  of  one  of  the  names  submitted,  however 
desirable  they  might  think  such  a  change  would  be.  I  must 
certainly  say,  however,  in  the  present  case,  that  I  do  not  think 
any  change  in  the  names  proposed  for  election  could  possibly  be 
an  improvement ;  but  this  very  fact  has  led  me  to  make  these 
remarks,  and  has  enabled  me  to  do  so  without  the  possibility  of  a 
suspicion  that,  in  saying  what  I  have,  there  was  any  personal 
objection  to  any  of  the  gentlemen  nominated.  I  hope  the  Council 
will  see  no  objection  to  the  course  I  propose  being  followed  in 
future.  I  have  pleasure  in  again  proposing  the  adoption  of  the 
report. 

The  Pebsidbnt  :  The  question  referred  to  by  Mr.  Boberts,  as 
to  whether  a  larger  number  of  names  than  of  vacancies  should  be 
given  in  the  balloting  list,  has  been  ^ery  carefully  considered  by 
the  Council,  and  has  not  escaped  their  attention  in  any  degree. 
The  point  was  considered  of  much  importance,  and  after  many 
discussions,  in  which  various  opinions  were  expressed,  it  was 
decided  by  a  considerable  majority  that  the  smaller  evil  was  to 
nominate  a  number  of  names  corresponding  to  the  number  of 
vacancies.  It  is  known  that,  in  some  cases  in  which  the  nominations 
exceeded  the  vacancies,  annoyance  has  been  caused  to  gentlemen 
whose  names  have  been  suggested  by  the  Council,  but  not  adopted 
by  the  Society.  On  the  one  hand,  there  is  the  danger  of  causing 
difficulties  of  this  kind ;  while,  on  the  other,  there  is  the  evil  that 
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memben  of  the  Society  may  feel  that  they  are  deprived  of  free 
choice  by  the  plan  of  nomination  that  has  been  adopted.  A 
iimilar  plan  is  followed  by  a  large  number  of  societies,  including 
the  Boyal,  Physical,  Chemical,  Linnsaan,  Geological,  and  a  great 
many  more,  but  of  course  it  is  in  the  power  of  this  Society  to  Isy 
down  any  rule  it  may  please.  At  present  no  fixed  rule  exists, 
though  there  has  been  a  prevailing  usage.  It  is  felt  by  the 
advocates  of  the  present  plan  that  the  Council  probably  have  a 
better  opportunity  of  judging  of  the  wants  of  the  Society,  and  of 
choosing  for  nomination  gentlemen  who  would  represent  the 
various  classes  of  our  members,  than  perhaps  any  individual 
member,  or  even  any  group  of  members.  The  Council  have 
acted  to  the  best  of  their  judgment :  they  may  have  made  a 
mistake,  but  they  have  certainly  not  desired  in  any  degree  te 
fetter  the  free  expression  of  the  wishes  of  the  Society. 

Mr.  H.  B.  Ebmfb  seconded  the  proposition.  He  remarked 
that  it  would  be  a  great  advantage  to  the  electric  world  generally 
if  in  connection  with  the  Library  a  catalogue  of  patents  referring  to 
electricity  were  provided.  The  Patent  Office  record  referred  to 
patents  generally,  and  great  difficulty  was  felt  in  searching  oat 
particular  electric  patents,  which  would  not  be  the  case  if  a 
catalogue,  as  suggested,  were  compiled  and  kept  up  to  date  at  the 
Library. 

The  proposition  was  carried. 

Mr.  J.  Laistbb  proposed  the  following  resolution : — '*  That  this 
meeting  resolves  unanimously  that  a  cordial  vote  of  thanks  of 
this  Society  be  presented  to  the  Members  of  Coimcil  and  Members 
of  the  Institution  of  Civil  Engineers,  for  their  kindness  in  con- 
tinuing to  permit  the  general  meetings  of  the  Society  to  be 
held  in  the  theatre  of  the  institution,"  and  said  that  sudi  a 
resolution  must  commend  itself  to  all  the  members  of  this  Society* 
Every  year  it  became  less  and  less  a  formal  matter  to  pass  this 
resolution^  fbr  every  year  the  obligation  to  the  Institution  for  its 
extended  courtesy  became  more  and  more  substantial,  and  de- 
manded that  our  thanks  be  given  with  increased  heartiness. 

Mr.  F.  HlOGINS  seconded  the  proposition,  which  was  carried 
nost  heartily. 
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M.  R.  Yon  Tbeubnfeld  proposed  a  vote  of  thanks  to  the 
Honorary  Secretarierfor  the- performance  of  their  daties  during  the 
past  year.  Having  recently  returned  from  South  America,  M. 
Treuenfeld  said  he  was  &ble  to  say,  of  his  own  knowledge,  that, 
owiiig  to  the ,  distance  (in  some  cases  hundreds  of  miles)  that 
members  were  septotted,  it  was  no  easy  matter  for  the  local 
Honorary  Secretaries  to  thoroughly  look  after  the  interests  of  the 
Society. 

Mr.  C.  E.  Spagnoletti  seconded  the  vote  of  thanks,  and  referred 
to  the  exceptionally  heaVy  duties  which  were  liable  to,  and  do  at 
times,  fall  upon  local  Honorary  Secretaries  and  Treasurers,  as  in  the 
case  of  the  recent  Paris  Exhibition,  to  the  success  of  which,  as  far 
as  the  British  section  was  concemed|  the  untiring  zeal  and  energy 
of  Mr.  J.  Aylmer  so  largely  contributed,  as  well  as  to  the  satis*- 
&ction  and  comfort  of  the  exhibitors,  especially  to  those  who  wer^ 
usable  to  stay  there  all  the  time. 

The  vote  was  carried. 

Lieut.-Col.  J.  U.  Batbman-Champain,  RE.,  moved:  "That 
the  best  thanks  of  the  Society  are  due  to  Mr.  Bristows,  Honorary 
Solicitor,  for  his  kind  services,  involving,  as  they  have  done 
during  the  past  year,  the  occupation  of  much  valuable  time." 
With  reference  to  the  duties  performed  by  the  Honorary  Solicitor, 
Lieut.-Col.  Champain  said  that,  without  Mr.  Bristows'  courteous 
and  skilful  aid,  tl^e  di£5[cult  problems  met  with  in  the  process  of 
incorporation  of  the  Society,  now  being  gone  through,  would  have 
seriously  embarrassed  the  Council. 

Dr.  J.  HOPKINSON  seconded  the  proposition. 

Mr.C.  F.  VablbY:  I  have  known  Mr.  Bristows  ever  since 
1846.  Messrs.  Wilson  and  Bristows  were  solicitors  to  Messrs. 
Cooke  and  Wheatstone  before  any  Telegraph  Company  existed :  they 
in  part  helped  all  the  world  to  telegraphs,  and  I  have  very  great 
pleasure  in  seconding  the  resolution. 

The  Pbesident  :  I  am  informed  by  the  scrutineers  that  the 
following  gentlemen  have  been  elected  as  Officers  of  the  Society 
for  the  following  year,  viz. : — 
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PreaidenL 
Lieut-CoL  C.  R  Wbbbkb,  R.E. 

Vioe-PresiderUs. 
WiLLOUGHBY  SlciTH.  I  Professor  W.  G.  ADAMS,p.RS. 

C.E.SPAGNOliKTTi,M.Inst.C.E.  |  Professor  D.  E.  Hughbs,  F.R.S. 

EoTwrary  Treasurer. 
Mr.  Edwabd  Gsayes. 

Honorary  Secretary. 
Lieut-Col.  Frank  Bolton. 

Members  of  CouneiL 


W.  S.  Andrews. 

W.  T.  Ansbll. 

Sir  C.  T.  Bright,  M.  Ids!  C.E. 

G.  B.  Bright. 

H.  G.  Eriohssk. 

H.  C.  F.  FoRDB,  M.  Inst.  C.E. 


Alexander  Siemens. 
Augustus  Stroh. 
C.  F.  Varley,  F.R.S. 
Earl  Crawford  &  B alcarrbb, 

F.R.a 
Matthew  Gray. 


J.  F.  Moulton,  F,R.S. 

Aaaoeiate  Memiers  of  Cownoil. 
Capt.  BiCKNELL.  I  T.  B.  Crahpton. 

C.  H.  B.  Patey. 

A  vote  of  thaoks  was  passed  to  the  scrutineers. 
The  foUowing  paper  was  then  read : — 

ON  A  CONVENIENT  FORM  OF  CONSTANT  BATTERY 
OF  VERT  SMALL  INTERNAL  RESISTANCE. 

By  Cromwell  F.  Varley,  F.R.S. 

In  1854, 1  obtained  Letters  Patent,  No.  2,655,  for  Improyements 
in  Voltaic  Batteries  in  which  neutral  salts  were  used,  the  two 
solutions  being  kept  apart  by  the  action  of  gravitation :  hence  the 
battery  has  been  called  the  gravity  battery.  In  the  before-men. 
tioned  patent,  I  pointed  out  that,  when  powdered  burnt  clay  or 
other  porous  substance  was  used,  the  solutions  were  more  easily 
^pt  apart  without  the  resistance  being  greatly  increased. 
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The  Electric  lutemational  Telegraph  Company  used  large 
numbers  of  these  cells.    They  were  constructed  as  follows : — 

A  plate  of  lead  was  attached  to  a  copper  wire,  and  this  plate 
was  rather  more  than  twice  the  length  of  the  bottom  of  the  square 
battery  cell.  The  lead  was  first  bent  at  right  angles,  so  that  it 
should  lie  at  the  bottom  of  the  cell  On  this  was  placed  2  lbs.  of 
sulphate  of  copper  in  crystals.  The  upper  portion  of  the  lead  was 
then  bent  down  over  the  crystals  of  sulphate  of  copper.  On  the 
top  of  this  lead  was  placed  some  pulverised  burnt  clay,  sometimes 
unbumt  clay.  The  zinc  being  placed  over  the  lead  plate  at  a 
distance  of  about  2  inches,  the  cells  were  filled  with  a  quarter 
saturated  solution  of  sulphate  of  zinc.  This  form  of  gravity 
battery  received  the  cognomen  of  '^  Yarley's  mud  battery/' 

The  zinc  plates  were  cast  in  the  form  of  a  very  flat  pyramid, 
with  the  apex  downwards.  This  is  necessary  to  enable  the  bubbles 
of  gas  which  rise  to  escape  from  the  surface  of  zinc,  otherwise 
they  cause  a  very  considerable  increase  in  the  internal  resistance 
of  the  battery.  Owing  to  the  comparatively  small  resistance  of 
this  form  of  neutral  salt  Daniell's  battery,  they  received  another 
cognomen,  namely, ''  quantity  battery." 

The  battery  in  this  form  was  patented  by  Menotti,  about  the 
year  1861.  He  used  sand  to  separate  the  solutions.  The  sand 
had  been  replaced  by  sawdust  by  Sir  William  Thomson  in  1858, 
who  patented  it.  The  gravity  battery  with  sawdust  usually  passes 
under  the  name  of  Menotti,  notwithstanding  that  my  above-named 
patent  has  been  very  well  known  to  those  who  have  used  the  latter 
name. 

In  the  same  patent  will  be  found,  both  in  the  specification  and 
in  the  drawings,  a  battery  made  with  sulphate  of  mercury,  since 
80  largely  known  as  the  Marie  Davy  battery. 

The  battery  itself  is  a  modification  of  the  constant  battery  so 
justly  associated  with  the  name  of  the  late  Professor  Daniell,  and 
is  generally  known  as  the  Daniell's  battery.  He,  however,  made 
use  of  fluids  strongly  impregnated  with  sulphuric  acid,  which 
reduced  the  internal  resistance  prodigiously.  The  porous  cells  or 
diaphragms  themselves  add  largely  to  the  internal  resistance  of 
the  battery. 
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Strong  sulphuric  acid  is  not  a  good  conductor  of  electricity^ 
but  when  diluted  its  conducting  power  rapidly  increases  up  to  a 
certain  point,  when  it  slowly  decreases  agam.  Strong  suli^mic 
acid  will  not  dissolve  sulphate  of  copper.  The  commercial  oiystafe 
of  the  latter  consist  of  one  atom  anhydrous  cupric  sulphate,  spedfio 
gravity  159*4,  combined  with  five  atoms  of  water:  in  round 
numbers,  sixteen  of  anhydrous  cupric  sulphate  to  nine  of  water  by 
weight* 

When  blue  crystals  of  sulphate  of  copper  are  placed  in  B^bnug 
sulphuric  acid,  the  acid  has  so  great  an  attraction  for  the  water  of 
crystaUisation  that  it  actually  pulverises  the  crystals  of  cuprio 
sulphate,  leaving  the  anhydrous  salt  in  a  greenish  white  amorphoov 
powder. 

Sulphuric  acid,  in  round  numbers,  is  nearly  twice  as  heavy  as 
water,  its  specific  gravity  being  1*842,  and  when  the  strong 
sulphuric  acid,  which  consists  of  one  atom  of  sulphuric  anhydnde 
combined  with  one  atom  of  water,  is  mixed  with  twice  its  volume 
of  water,  instead  of  three  volumes  being  obtained,  the  whole  is 
condensed  into  a  much  smaller  compass.  This  oondensatiim 
renders  this  solution  much  heavier  than  it  would  otherwise  be. 

The  acid  has  now  become  a  powerful  conductor  of  electricity, 
but  if  two  more  volumes  of  water  be  added  it  attains  to  its  highest 
conducting  power.  When  one  part  of  acid  is  combined  with  eight 
volumes  of  water,  the  conducting  power  of  the  weaker  acid  is 
equal  to  that  of  the  acid  consisting  of  one  volume  of  acid  added  to 
two  volumes  of  water;  but  with  sixteen  volumes  of  water  its 
conducting  power  is  still  great. 

In  the  remainder  of  the  paper  I  will  use  the  expressions 
^*  strong  acid  "  and  **  weak  acid,"  to  express  these  two  solutions. 
If  some  of  the  strong  acid  be  placed  into  a  glass  or  other  jar,  and 
the  weaker  acid  be  poured  on  top  of  it  carefully  by  means  of  a 
funnel  having  a  flat  disc  underneath  it,  the  two  solutions  will 
remain  separate,  by  gravitation  alone,  for  a  considerable  time. 

Prior  to  pouring  in  the  strong  solution,  a  plate  or  coil  of  copper, 
to  which  a  stout  copper  wire  has  been  riveted,  is  inserted  in  the 
jar,  to  form  the  negative  pole  or  plate.  When  the  weak  solution 
has  been  poured  in,  a  rod  or  cone  of  zinc,  well  amalgamated,  is 
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suspended  in  any  convenient  manner  in  the  weaker  solution,  at 
a  distance  of  one  or  more  inches  above  the  copper.  The  battery 
is  now  ready  for  use.  It  is,  in  fact,  an  acid  Daniell  battery  without 
a  porous  cell. 

In  order  that  the  eye  may  see  how  the  acids  diffuse,  I  colour 
the  strong  solution  with  indigo,  or  litmus,  or  red  cabbage.  When 
the  battery  is  m  aUu,  the  strong  acid  is  poured  in.  This  acid  I 
colour  with  sulphate  of  indigo;  a  brass  or  glass  tube  is  now 
inserted,  and  through  it  are  thrown  crystals  of  sulphate  of  copper, 
to  dehydrogenise  the  copper  surfaces. 

I  will  now  describe  an  expedient  to  which  I  resorted  in  a 
country  inn,  being  suddenly  called  upon  to  procure  an  electric 
current  for  an  investigation  upon  the  spot. 

The  chemist  had  blue  stone  and  oil  of  vitrei :  the  plumber  had 
copper  bell  wire  and  thin  sheet  zinc.  The  chemist,  luckily,  was 
provided  with  mercury.  The  inn  supplied  me  with  tumblers  and 
water.  Some  pieces  of  copper  wire  were  twisted  up  into  spirals 
at  one  end,  to  form  the  negative  plate  at  the  bottom  of  the  tumbler ; 
the  wire  coming  from  that  was  bent  sharply  over  the  edge  of  the 
glass  and  then  up  again,  to  hold  it  in  situ. 

On  the  end  of  each  wire  was  soldered  one  of  the  slips  of  zinc, 
and  this  was  afterwards  amalgamated.  The  two  solutions  of 
sulphuric  acid  were  prepared  and  allowed  to  cool,  the  tumblers 
and  metals  were  arranged  in  order  on  a  piece  of  common  deal 
board,  and  tiie  terminal  copper  and  zinc  were  fixed  to  the  board  by 
means  of  nails.  In  this  way,  ten  elements  were  soon  extemporised, 
each  having  a  resistance  of  0'5  ohm. 

When  in  process  of  time  the  sulphate  of  copper  is  seen  to  be 
rising,  all  that  is  necessary  is  to  fill  up  the  tumbler  with  diluted 
acid,  insert  the  nozzle  of  a  syringe  down  to  within  an  inch  of  the 
copper  plate  or  coil.  On  withdrawing  the  fluid,  the  intermediate 
portion,  consisting  of  a  weaker  acid  than  the  strong,  but  a  stronger 
acid  than  the  weak  solution,  is  withdrawn,  leaving  the  line  of 
demarcation  between  the  coloured  sulphate  of  copper  solution  in 
the  strong  acid  and  the  transparent  weaker  solution  sharp  and 
well  defined. 

In  process  of  time  it  becomes  advisable  to  lower  a  funnel  to  the 
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bottom  of  the  yessel,  and  admit  a  small  qoantity  of  the  strong  acid 
solution  previously  cooled. 

In  this  way  the  battery  may  be  kept  going  for  months^  mthoat 
having  to  remove  the  metals.  Sulphate  of  copper  must  from  time 
to  time  be  added  in  crystals,  and  this  may  be  done  by  dropping  a 
large  dry  crystal  of  sulphate  into  the  vessel  from  time  to  time, 
through  a  piece  of  tubing. 

This  battery  is  so  small  in  internal  resistance,  is  so  simple  of 
construction,  and  so  costless  in  manufacture,  that  it  will  be  found 
of  great  service  to  electricians  in  all  ranks  of  life,  especially  when 
they  suddenly  want  a  battery  in  out-of.the-way  localities.  I  have 
therefore  thought  that  this  description  will  be  of  value  to  the 
members  of  the  Society  of  Telegraph  Engineers  and  of  Electricians. 

In  Patent  2,555  of  1854, 1  pointed  out  a  method  of  preventing 
the  sulphate  of  copper  from  reaching  the  zinc  plate. 

In  1864, 1865,  and  1866,  when  testing  the  Atlantic  Cables,  I 
used  at  the  Wharf  Boad,  City  Road,  Gutta  Percha  Works,  500  cells 
of  battery,  and  at  the  Cable  Works  at  Greenwich,  another  set  of 
500  cells,  constructed  in  the  following  manner : — 

A  ring  of  copper  was  placed  at  the  bottom  of  an  earthen  jar. 
About  1  lb.  of  crystals  of  sulphate  of  copper  were  placed  inside 
the  copper  ring.  A  layer  of  1  inch  of  prepared  sawdust  was 
next  laid  on  the  copper  crystals.  Upon  this  was  placed  half  an 
inch  of  oxide  of  zinc,  and  again  upon  this  was  placed  about  an 
inch  of  the  prepared  sawdust.  Upon  this  upper  layer  of  sawdust 
a  heavy  zinc  mass  with  a  conical  bottom  rested.  The  sawdust 
was  prepared  by  first  boiling  in  a  caustic  soda  to  dissolve  the  resin« 
It  was  then  well  washed  in  water,  and  lastly  in  a  diluted  solution 
of  sulphate  of  zinc,  consisting  of  one  part  saturated  solution  to 
three  of  water.  When  the  zinc  plate  had  been  placed  in  situ  the 
whole  was  moistened  with  sulphate  of  zinc.  The  object  of  the. 
layer  of  oxide  of  zinc  is  to  arrest  the  sulphate  of  copper  which 
slowly  diffuses  upwards  towards  the  zinc.  The  sulphuric  acid  of 
the  sulphate  of  copper  is  seized  upon  by  the  oxide  of  zinc  forming 
sulphate  of  zinc,  while  the  oxide  of  copper  so  formed  replaces  the 
oxide  of  zinc. 

The  deposition  of  metallic  copper  upon  the  zinc  not  only  lowers 
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the  potential  of  the  battery,  bat  makes  its  action  very  irregular. 
The  layer  of  oxide  of  zinc  prevents  this,  and,  if  the  zinc  plate  be 
well  amalgamated,  the  battery  will  seldom  be  found  to  vary  more 
than  1  in  800.  This  battery  is  very  constant.  Its  only  incon- 
venience is,  that  after  the  lapse  of  two  or  three  months  the  internal 
resistance  becomes  nearly  doubled  by  the  deposition  of  a  compact 
layer  of  oxide  of  copper. 

I  have  used  1,000  cells  of  this  battery  almost  continuously 
since  the  year  1858.  I  place  a  glass  tube  in  the  cell,  to  admit  of 
the  introduction  of  crystals  of  sulphate  of  copper  from  time  to 
time.  I  seldom  have  to  dismantle  the  battery  more  than  once  in 
the  course  of  a  year. 

The  Pbesidbnt:  As  a  convenient  form  of  battery  with  low 
resistance  and  high  electro-motive  force  is  what  we  are  all  wishing 
for,  I  am  sure  we  are  glad  to  hear  remarks  on  the  subject  from 
one  who  has  had  so  great  experience  as  Mr.  Cromwell  Varley.  I 
should  like  to  ask  Mr.  Varley  if  the  zinc  in  the  battery  he  has  just 
described  is  cast,  and  whether  such  material  has  proved  by  his 
experience  better  than  rolled  zinc  for  batteries. 

Mr.  C.  F.  Varley  :  It  is  cast  zinc,  well  amalgamated. 

Dr.  Walteb  Coffin  remarked  that  ten  years  ago,  as 
described  in  the  "  Chemical  News  "  for  November  17th,  1871, 
page  231,  he  experimented  with  sulphate  of  mercury  gravity 
cells,  as  described  by  Mr.  Varley,  and  found  that,  owing  to 
the  slow  solubility  and  diffusion  of  the  salt,  considerable  varia- 
tion occurred  on  short  circuit,  otherwise  it  was  a  very  useful  and 
convenient  battery,  from  the  fact  that  the  basic  metal  supplied  as 
the  negative  element  produced  no  local  action  if  reduced  upon 
the  zinc.  In  the  same  communication  to  the  **  Chemical  News,*' 
he  (Dr.  Coffin)  described  a  battery  in  which  mercury  chloride 
(calomel)  was  used  for  the  eame  reason ;  a  solution  of  hydrochloric 
acid  was  employed,  and  to  increase  the  conductivity  of  the  chloride 
it  was  mixed  with  crushed  carbon,  and  very  constant  results  were 
obtained,  nearly  equal  to  that  of  chloride  of  silver.  In  his  opinion, 
the  principle  of  employing  as  the  negative  element  a  material 
which,  when  reduced,  should  improve  the  zinc  instead  of  increasing 
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local  action^  was  intereitiDg  and  important,  and  with  high  external 
reeistanoe  rapid  diffusion  was  not  necessary  to  give  constant 
results. 

Mr.  C.  F.  Yabliy  :  I  can  confirm  Dr.  Coffin's  remarks.  The 
use  of  bichloride  of  mercury  is  very  good  in  a  batteiy,  and  is 
preferable  to  chloride  of  silver. 

Mr.  H.  R.  Eemfe  enquired  whether  the  wedge  shape  of  the 
zinc  in  Mr.  Varley's  battery  was  for  the  purpose  of  enaUing 
the  hydrogen  gas  to  disengage  freely.  The  common  practice  of 
making  batteries  with  flat  plates  was,  he  believed,  thoroughij 
efficient ;  and  he  asked  whether  the  wedge  form  was  the  result  of 
experiments. 

Mr.  C.  F.  Vabley  :  I  do  not  think  any  person  has  yet  satisfoc 
torily  explained  why  hydrogen  gas  should  be  given  off  in  that  form 
of  battery,  but  I  have  proved  by  analysis  that  it  is  so.  If  you  have 
a  plate  as  shown  in  the  diagram,  a  gas  will  form  underneath  it,  and 
the  presence  of  that  gas  causes  resistance.  I  put  the  zinc  in  the 
form  shown  in  the  diagram  in  my  early  patent  (and  it  has  always 
been  used  in  that  form),  in  order  that  the  copper  which  wUl 
diffuse  and  wiU  deposit  on  the  zinc  shall  drop^  off  again ;  bat, 
without  anticipating  it,  I  found  that  the  shape  was  good  for  letting 
off  the  hydrogen  as  well,  and  since  then  I  have  always  used  that 
form.  I  always  have  2,000  cells  charged  at  my  house,  and  they 
work  very  well  indeed ;  they  cause  no  trouble,  and  I  see  no  reascm 
why  I  should  alter  them.  They  have  been  in  work  since  1854 : 
they  let  off  the  gas,  drop  off  the  copper,  give  off  plenty  of  power, 
and  work  very  well,  and  I  do  not  know  what  I  could  do  to  make 
any  better  arrangement. 

Mr«  F.  Biggins  :  If  I  understand  the  description  of  the  battery 
correctly,  it  is  composed  of  a  lot  of  sulphate  of  copper  in  the 
bottom  of  the  cell,  with  an  amalgamated  zinc  plate  at  the  top,  and 
a  sulphuric  acid  solution  between  them.  My  experience  with 
such  an  arrangemeut  is,  that  after  a  time  a  portion  of  sulphate  of 
copper  reaches  the  surface  of  the  zinc  plate,  producii^  a  copper 
amalgam  upon  it,  which  would  create  local  action,  and  tend  very 
soon  to  destroy  dM  efficiency  el  the  battery.  Has  Mr.  Varley 
made  any  arrangement  to  prevent  the  rising  of  the  sulphate  of 
copper,  such  as  I  have  described  ? 
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Mr.  C.  F.  Yabley  :  If  you  keep  your  zinc  well  amalgamated,  it 
takes  the  potential,  not  of  the  oopper,  but  of  the  most  oxidisable 
metal ;  and  it  will  always  be  found  that  the  potential  of  the  zinc,  so 
long  as  it  is  well  amalgamated,  is  that  of  zino  and  not  sulphate  of 
zino.  The  same  rule  holds  good  with  sodium,  the  only  solution  I  know 
of  which  allows  a  difference  is  sugar  of  glycerine,  when  twice  the 
potential  is  obtained,  but  it  does  not  make  a  practicable  battery. 

Mr.  F.  HiGGlNS :  Certainly  we  have  to  learn  as  we  go  on,  but 
I  have  tried  a  great  many  batteries  in  which  there  have  been  zinc 
plates,  well  amalgamated,  witii  coj^r  plates  in  sulphate  of  copper 
solution,  and  after  a  time  a  little  sulphate  of  copper  has  got  over  to 
the  zinc,  and  a  few  spicule  of  copper  have  been  precipitated  upon 
the  amalgamated  surface  of  the  zino,  and  nothing  you  can  do  will 
cause  these  particles  of  copper  to  lie  down  sufficiently  flat  to  prevent 
a  current  of  hydrogen  gas  belBg  given  off  from  their  points.  I  do 
not  know  how  that  difficulty  is  to  be  got  over.  I  have  made  a 
great  number  of  batteries  with  amalgamated  zinc  plates  opposite 
copper  plates,  and  the  copper  invariably  deposits  a  point  or  points 
from  which  the  hydrogen  is  given  off  in  continuous  streams.  A 
battery  getting  over  that  difficulty  must  be  very  efficient  indeed ; 
a  gravity  battery  like  the  one  shown  on  the  diagram,  with  plates 
about  six  inches  inches  in  diameter  and  about  an  inch  apart,  would 
give  an  immense  volume  of  current,  and  be  very  useful  in  most 
telegraphic  operations.  But  I  have  invariably  found  that  the  local 
action  was  enormous.  If  brushed  over  occasionally,  to  cause  the 
amalgamation  of  the  precipitated  copper,  this  destructive  action 
is  somewhat  checked,  but  is  still  very  great. 

Professor  Atbton  drew  Mr.  Higgins'  attention  to  Mr.  Yarley's 
description  of  the  use  of  the  syphon,  by  which  he  prevented  the 
copper  in  solution  from  reaching  the  zinc,  by  drawing  it  away. 

Mr.  Higgins  :  Of  course,  if  that  be  so,  the  difficulty  I  mentioned 
is  disposed  of;  but  I  repeat  that  if  the  copper  once  reaches  the 
zinc,  is  deposited  on  it,  and  is  precipitated  in  a  metallic  form,  it 
must  result  in  local  action. 

Mr.  C.  F.  Vablky  :  When  the  copper  rises  up  to  the  zinc,  the 
zinc  is  well  amalgamated ;  the  zinc  then,  of  course,  becomes  covered 
with  a  coating  of  ooj^r  and  mercury.  That  action  may  go  on 
for  months  without  producing  an  appreciable  effect;  but  when  the 


460  DISCUSSION  ON  ME.  VABLErS  PAPER.  [Dec  16th, 

copper  coating  becomes  thick  the  result  is  **  polarisation.'*  This 
action  is  prevented  by  using  the  syringe  as  I  have  stated,  and 
keeping  the  solutions  well  apart. 

Professor  Aybton  remarked  that  some  years  ago,  when  in 
Western  America,  he  was  shown  a  form  of  battery  in  which  two 
spirals  of  copper  twisted  in  reverse  directions  were  used,  one  above 
the  other,  and  he  was  told  that  the  magic  of  its  action  depended  on 
the  spirals  being  wound  in  opposite  direotions,  a  conclusion  about 
which  he  was  nattirally  dubious.  Such  an  arrangement  suggested  to 
him  the  possible  advantage  of  using  two  plates.  He  took  a  copper 
box,  in  the  top  of  which  a  few  holes  were  made  to  allow  the  solution 
to  pass  through,  and  the  difficulty  he  found  was  that  the  top  of  the 
box  would  become  eaten  away,  possibly  through  the  insufficient 
supply  of  sulphate  near  it — i.e.,  as  the  sulphate  of  copper  diminished 
in  quantity,  so  the  density  of  the  sulphate  at  the  top  of  the  box 
decreased,  and  local  action  commenced  between  the  top  and  bottom 
of  the  box.  Mr.  Yarley  had  evidently  foimd  the  same  difficulty, 
but,  by  the  arrangement  of  the  cell  described,  did  he  propose  to 
overcome  it  ? 

Mr.  C.  F.  Vablbt  :  If  you  take  a  plate  of  copper  and  place  sul. 
phate  of  copper  at  the  bottom  in  a  jar,  and  sulphuric  acid  at  the  top, 
at  the  line  of  demarcation,  there  will  be  a  slow  deposit  of  copper  on 
the  lower  part  of  the  plate  in  the  sulphate  of  copper.  This  ought 
not  to  occur,  according  to  chemical  theory,  but  it  is  a  fact 

Mr.  F.  HiGGlNS  :  The  spiral  battery  referred  to  by  Professor 
Ayrton  is  the  "  Lockwood"  battery.  There  was  no  electrical  virtue  in 
the  arrangement  of  the  spirals,  but  the  arrangement  was  convenient 
for  withdrawing  either  of  them  when  it  became  very  much  incrusted 
with  a  deposit  of  copper.  Such  cells  are  extremely  efficient,  and 
20  of  them,  with  6  units  internal  resistance  each,  upon  a  circuit 
of  300  units  resistance,  will  work  for  seven  or  eight  months  without 
being  touched  in  any  way  whatever,  and  by  that  time  the  sulphate 
of  zinc  solution  becomes  so  dense  that,  shortly  after,  it  crystallises 
into  an  almost  solid  block.  The  reason  why  a  copper  plate  is 
dissolved  in  sulphuric  acid  solution  or  sulphate  of  zinc  solution, 
when  in  connection  with  a  copper  plate  in  sulphate  of  copper  solu  - 
tion,  is,  because  the  copper  plate  in  the  sulphate  of  zinc  solution 
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is  electro-positive  to  the  other,  and  acts  something  like  a  zinc  plate 
woold.  It  is  only  necessary  for  the  precipitation  of  copper  in 
solution  to  have  a  potential  of  about  one- tenth  of  a  volt,  and  there 
is  very  much  more  than  that,  there  is  about  onei-fifth  of  a  volt,  in 
an  arrangement  of  the  kind  mentioned. 

Dr.  OOFFIK  referred  to  the  great  number  of  patents  that  had 
been  taken  out  for  the  purpose  of  preventing  the  difiusipn  of  the 
copper  upwards,  and  said  that  in  America,  where  closed  circuits 
and  gravity  batteries  are  employedi  it  was  found  that,  in  spite  of 
every  such  device,  copper  always  gets  to  the  zinc.  Such  action 
does  not  lower  the  potential  of  the  zinc  to  any  extent,  and  the 
precaution  of  hanging  a  second  piece  of  zinc  in  the  solution 
involved  an  economic  fallacy;  the  only  remedy  in  his  opinion 
being  the  separation  of  the  plates  as  &r  as  possible,  or  the  constant 
attention  described  by  Mr.  Yarley. 

A  vote  of  thanks  was  passed  to  Mr.  Yarley  for  his  paper. 

A  ballot  for  new  members  then  took  place,  and  the  following 
were  elected : — 

As  Foreign  Members. 


Monsieur  de  Bedemann. 
Frank  L.  Freeman. 


WiUiam  EL  Davies. 
Frederick  N.  Qisbome. 


Charles  F.  Heinrichs. 
Don  Carlos  de  Orduna. 


As  Menibers. 

E.  H.  Pringle,  F.RC.S. 

As  Associates. 


Thomas  Anderson. 
Professor  W.  F.  Barrett. 
Eustace  W.  Chetwynd. 
C.  H.  Graoe. 

Charles  O.  Giimpel,  A.Inst.C.£. 
W.  H.  Massev. 
Henry  M.  S.  Mathews. 
William  Moon. 


Fritz  Cunliffe  Owen. 
William  Ficken. 
F.  W.  Pope-Cox. 
Frederick  T.  Rickards. 
A.  O.  Dew  Smith. 
Major  Btopford. 
Frederick  William  Vane. 


As  StvdeTvt. 
Harold  W.  AoselL 

After  which  the  meeting  was  adjourned  until  January  19th|  1882. 
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FRKPARATION  OF  THB  FUBE  MEROUBOUS  SULPHATE 
FOR  LATIMER  CLARK'S  OOMBTANT  CELL. 

By  T^  IWATA,  MJB.* 

In$inte»or  in  Natwrai  IPkUoMophf  and  Telegraphy  in  the  Tmpmdi  CoUege  of 
Engimuringf  Tokm^  Japan, 

As  in  countries  like  Japan,  where  pure  chemicals  are  not 
easily  purchasable,  it  is  necessary,  for  the  manufacture  of 
Latimer  Clark's  constant  cells,  to  prepare  for  oneself  pure  mer- 
curous  sulphate,  the  following  two  methods,  originally  suggested 
to  me  by  the  Professor,  and  which  have  now  been  employed  for 
some  years  in  the  Physical  Laboratory  here,  may  be  interesting  to 
some  of  the  members. 

In  making  mercurous  sulphate  there  are  two  distinct  methods, 
which  may  be  called  the  hot  and  the  cold,  and  which  are  as 
follows: — 

Hot  Method. — Pour  plenty  of  pure  metallic  mercury  into 
an  evaporating  dish,  and  add  to  it  distilled  sulphuric  acid,  the 
quantity  of  which  should  not  be  more  than  the  half  of  that  of  the 
mercury.  Heat  these  up  to  about  210^  C,  and  keep  the  tempera- 
ture constant ;  after  a  while  the  mercury  will  be  covered  with  a 
white  shell,  which  is  mercurous  sulphate,  or  more  generally  a 
mixture  of  mercurous  and  mercuric  salts.  Care  must  here  be 
taken  not  to  convert  all  the  acid  into  sulphate,  otherwise  most  of 
the  product  will  be  mercuric  sulphate.  When  the  amount  of  the 
acid  is  very  much  diminished,  say,  to  a  tenth  of  the  original,  the 
source  of  heat  should  be  taken  away  and  the  product  allowed  to 
become  quite  cold,  when  the  sulphate  should  cautiously  be  removed 
u>  another  evaporating  dish,  or,  better,  put  into  a  bottle,  care  being 
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taken  not  to  get  out  any  trace  of  metallic  mercury  or  the  part  of 
the  sulphate  touched  to  mercury,  otherwise  it  is  impossible  to 
obtain  clean  white  sulphate.  The  sulphate  should  be  washed  with 
dean  pure  water,  and  if,  after  decanting  off  as  much  water  as 
possible,  the  colour  of  the  sulphate  changes  into  yellow,  which  is 
the  sign  of  mercuric  salt  ezisling,  the  sulphate  should  be  washed 
with  distilled  water  until  the  colour  of  it  becomes  quite  free  from 
yellow.  If  the  product  contains  so  much  mercuric  salt  that  we 
are  imaUe  to  get  rid  of  it  by  washing  it  simply  with  distilled 
water,  we  must  pass  through  the  step  of  washing  the  product  with 
dilute  sulphuric  acid,  to  purify  it.  For  this  purpose  ordikiaiy 
sulphuric  acid  may  be  used,  provided  the  acid  contains  no  trace  of 
ddoride. 

Cold  MeOiod. — ^First  prepare  dilute  nitric  and  sulphuric  adds, 
which  can  be  done  simply  by  diluting  ordinary  adds,  if  the  acids 
contain  no  trace  of  chloride. 

Put  the  dilute  nitric  acid  into  a  bottle  containing  plenty  of 
pure  mercury,  and  leave  it  at  least  for  24  hours.  The  yellowish 
white  crystal  will  be  found  on  the  metallic  mercury.  Decant  off 
all  of  the  watery  liquid,  leaving  the  white  crystal  on  the  surface 
of  the  mercury.  Washing  the  mercury,  together  with  the  crystal, 
with  the  dilute  nitric  acid,  it  will  be  seen  that  all,  or  nearly  all,  of  the 
crystal  is  dissolved  by  the  acid  forming  clear  liquor,  which  should 
be  decanted  off.  Adding  the  dilute  sulphuric  acid  to  the  clear 
liquor,  a  white  fine  powdery  predpitate  will  be  produced,  which 
is  mercurous  sulphate.  Decanting  off  the  clear  liquor,  and 
washing  the  precipitate  with  clean  pure  water,  we  get  clean  pure 
mercurous  sulphate. 

The  time  which  is  required  for  dissolving  mercury  in  the  dilute 
nitric  acid  varies  according  to  the  strength  of  the  acid^  so  that  it  is 
desirable  to  use  moderately  strong  dilute  acid,  unless  it  is  so  strong 
as  to  produce  sensible  heat  when  acting  on  the  mercury.  Usually 
we  may  safely  use  dilute  nitric  acid,  consisting  of  one  of  acid  to 
three  of  water  by  volume.  As  to  the  strength  of  dilute  sulphuric 
acid,  somewhat  weak  is  preferable  to  stronger. 

Of  these  two  methods  it  is  very  advisable  to  employ  the  cold  in 
preference  to  the  hot  one,  since  with  tbe  former  the  operation  is 
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▼ery  much  simpler  than  that  involved  in  the  latter.    In  reality  it 
is  nearly  impossible  to  obtain  pure  mercurous  sulphate  by  the  hot  - 
method. 

Testa  for  Purity  of  Mercurous  Sulphate. — ^The  sulphate  should 
at  first  be  converted  into  chloride  by  adding  hydrochloric  acid  and 
allowing  the  mixture  to  stand  without  heating.  Filter  the  liquor 
containing  the  grayish  white  powder,  when  the  clear  liquor  should 
be  treated  (1)  with  protochloride  of  tin,  and  (2)  with  ammonium 
sulphide,  previously  neutralising  the  excess  of  acid  with  potassium 
hydrate.  In  the  first  case,  if  a  white  precipitate  is  foimed, 
mercuric  sulphate  is  present ;  and^  in  the  second  case,  if  a  black 
precipitate  is  found,  the  salt  will  also  contain  mercuric  sulphate  aa 
an  impurity.  These  tests,  however,  are  not  necessary  when  the 
sulphate  is  produced  by  the  cold  method. 
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lOLTZ— AN   ELEGTBO-DYNAHIO  BALAKOE. 
{Afmalm  dor  Phyiik  wkd  Chamie,  B.  XIV.,  JET.  1,  No.  9, 1881,  jop.  62.64) 
The  author  undertook  the  oonstraotion  of  an  electra4ynamio  halanoe,  in 
order  to  eliminate  the  distorbances,  produced  by  changes  of  direction  and 
intensity  of  the  earth's  magnetism,  in  the  measurements  of  galyanic  currents 
by  means  of  their  electro-magnetio  effects. 

Two  coils  of  copper  wire,  the  height  of  which  is  equal  to  their  internal 
diameter,  are  suspended  firom  the  arms  of  the  beam  of  a  small  chemical  balance, 
in  place  of  the  usual  scale-pans.  Their  axes  are  placed  vertically,  and  any 
rotation  about  these  axes  is  prevented.  Two  larger  coils,  of  the  same  height  as 
tiie  suspended  ones,  but  of  greater  diameter,  are  fixed  to  a  horizontal  metal  bar, 
which  is  attached  at  its  centre  to  the  pillar  of  the  balance.  The  connections  of 
the  wires  are  so  arranged  that  one  of  the  suspended  coils  is  attracted  by  one  of 
the  fixed  coils,  while  the  other  suspended  coil  is  repelled  by  the  second  fixed 
coil.  Both  the  fixed  coils  are  placed  somewhat  above  the  suspended  ones,  so 
that  the  attracted  coil  is  raised,  and  the  repelled  coil  descends  when  the  current 


Two  chief  difficulties  have  to  be  overcome  in  the  construction  of  such  a 
balance.  The  connections  for  the  movable  coils  must  not  interfere  in  any  way 
with  their  freedom  of  movement;  and  yet  weak  contact  springs  cannot  be 
employed,  as  they  would  catise  changes  in  the  resistance  of  the  circuit.  This 
difficulty  was  overcome  in  a  very  satisfactory  manner  by  using  Dutch  gold  for 
the  connections.  Strips  of  this  about  30  cm.  long  and  6  to  7  mm.  wide  are  very 
flexible,  show  no  internal  friction,  have  a  very  moderate  resistance,  and  are  not 
easily  heated,  owing  to  the  large  surface  exposed  to  the  air.  Each  of  the 
movable  coils  was  connected  to  the  wires  carrying  the  current  by  two  suQh 
strips,  hanging  down  from  pieces  of  brass  fixed  on  the  upper  part  of  the  glass 
case  of  the  balance. 

The  second  difficulty  is  to  place  the  coils  in  such  relative  positions  that 
neither  the  stability  nor  the  sensitiveness  of  the  balance  is  interfered  with.  For 
this  reason  the  intensity  of  the  electro-dynamic  force  must  not  vary  too  much 
during  the  usually  small  oscillations  of  the  balance.  This  force  is  nil  when  the 
middle  of  the  movable  coil  is  in  the  same  plane  with  that  of  the  fixed  coil,  and 
also  when  the  coils  are  at  an  infinite  distance  A*om  each  other.  Between  these 
two  positions  there  is  one  of  maximum  force,  which  nearly  corresponds  to  that, 
in  which  the  upper  surface  of  one  coil  is  in  the  same  plane  with  the  lower 
surface  of  the  other.   Between  the  central  position  and  the  position  of  maTimum 
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€ffeet^  the  diiEnrentUl  ooeiBotoit  of  the  foroe^  for  increasing  diatanoe  of  the 
middle  pointa  of  the  two  coUf,  ii  poiitiTe ;  and  it  beoomea  negative  when  the 
poiition  of  maximum  effect  is  passed.  At  an  infinite  distance  it  is  again  zero. 
Between  the  position  of  TnaTimnm  efisct  and  the  infinite  distance  there  must, 
therefore,  he  a  .position  fbr  which  the  negative  differential  coefficient  of  the 
fbroe  reaches  a  maTimnmi  and  the  second  differential  coefficient  is  zero.  This 
position  is  the  one  which  must  be  given  to  the  coils.  As  the  distance  of  the  one 
pair  of  coils  is  always  diminished  l>y  just  so  moch  as  that  of  the  other  pair  ie 
increased,  the  change  in  the  force  depends  only  on  the  second  differential  co> 
efficient.  If  this  is  positive^  the  qnrrent  products  a  state  of  uistable  equili- 
brium ;  if  it  is  negative,  the  eqnilibrimn  is  increased,  %,$^  the  balance  is  leas 
ieniitive  when  the  current  passes  than  when  there  is  no  current.  If  the  coils 
are  brought  into  the  right  position^  neither  the  equilibrium  nor  the  stability  of 
the  balance  is  altered,  and  in  this  way  the  correct  position  can  be  ascertained. 

If  the  apparatus  is  well  set  up^  the  error  which  can  occur  is  not.  greater 
than  a  milligramme.  As  the  force  exerted  by  the  current  is  proportional  to  the 
square  of  the  intensity,  the  intensity  of  a  current,  which  is  balanced  by  a 
gramme,  can  be  determined  within  ^J^^  The  only  force  opposed  to  the 
electro-dynamic  force,  and  which  serves  to  measure  it»  is  that  of  gravity,  and  no 
fluctuations  are  introduced  into  the  measurement^  such  as  might  arise  from  the 
earth's  magnetism,  or  from  the  elasticity  of  a  unifllar  or  bifilar  suspension. 

The  determinations  of  the  electro-dynamic  equivalent  of  a  current  corre- 
spending  with  one  gramme^  made  by  several  independent  observers,  showed  a 
marked  coincidence. 


TBHPERATUSE  OF  THH  SXiECTBIO  ABC. 

(mMrotechnUch§  ZefUekrifi,  B^pUniber,  1881,  p.  848.) 

In  1860,  Becquerel  found  that  the  temperature  of  an  electric  arc  produced 
Vy  80  Bunsen  cells  was  from  2,070  to  2,100  degrees  cent,  and  he  laid  it  down  that 
the  illuminating  power  of  the  arc  increased  in  direct  proportion  to  the  amount 
of  heat  radiated,  a  law  which  had  been  already  establlBhed  by  Dulong  and 
Bstit.  Other  observers  having  found  that  this  law  does  not  hold  good  for  high 
temperatures,  Bosetti  undertook  the  investigation  of  the  question*  His  experi- 
ments were  carried  out  in  a  different  manner  to  any  tried  before.  He  caused 
the  heat  rays,  which  emanated  from  a  given  surface  of  the  carbons,  to  fall 
upon  the  surface  of  a  thermopile  in  circuit  with  an  astatic  galvanometer.  The 
resolts  of  a  large  number  of  experiments,  made  with  160  Bunsen  cells  and  a 
Dubosq  lamp,  showed  that  the  temperature  of  the  positive  carbon  varied 
between  2,400  and  8,900  degrees  cent.  The  smaller  the  radiating  surface,  the 
greater  the  heat|  provided  that  the  extreme  point  of  the  carbon  was  included  in 
the  sur&ce  observed.  The  temperature  of  the  negative  carbon  varied  between 
8,188  and  2,580  degrees  cent.,  but  the  extreme  point  had  a  temperature  of  not 
less  than  2,500  to  8,900  degrees  cent.  In  a  Beynier  lamp  worked  by  8  or  10 
Bunsen  cells,  the  positive  carbon  reached  a  temperature  of  8,406  to  2,784  degrees 
cent. 


ABBTRAOra  4m 

AN  ELEOKBO-HAGKET  OF  XTKUSUAL  BIZE. 
(JSlMvoitchnivihs  Z#aM\f^  Jtfay,  1881,  p.  185.) 

Proftoor  Yon  Frilitzsch  and  Dr.  W.  Holtz  have  constmoted  an  eleotfo- 
magnet  for  the  Phjiioal  Inititate  of  the  Greiffwalder  Uniyenity;  which  greatly 
exceeds  in  sise  any  hitherto  known.  The  core  weight  888  kgs.,  and  conaiita  of 
S8  hars  of  sheet-iron  7  nun.  thick,  which  form  a  cylindrical  horse  shoe  195  mm. 
in  diameter  and  1S6  cm.  high.  To  avoid  the  extra  current^  the  plates  are 
lacquered,  and  are  held  together  hy  wrapping  round  them  a  hempen  cord 
soaked  in  sealing-wax  varnish,  to  ensore  good  insolation  hetween  the  coils  and 
the  core.  This  core  is  bnilt  into  an  oak  box  with  bricks  and  cement  to  such  a 
depth  that  the  legs  of  the  magnet  project  960  mm.,  the  box  being  870  mm.  long^ 
8IM»  mm.  wide,  and  296  mm.  deep.  The  coils  consist  partly  of  strips  of  sheet- 
copper  and  partly  of  copper  wire  $  100  kgs.  of  copper  strips  are  wonnd  round 
the  cylinder  in  rings,  each  of  which  has  16  tarns,  the  saccessive  layers  being 
insulated  from  each  other  by  strips  of  sheet  guttapercha;  their  ends  are 
soldered  together  so  as  to  form  one  continuous  circuit.  Over  the  copper  strips 
are  wound  176  kgs.  of  copper  wire,  2  mm.  in  diameter,  partly  insulated  with 
wool  soaked  in  shellac,  and  partly  with  cotton  soaked  in  was,  the  winding 
being  so  arranged  that  two  wires  are  ivound  on  together.  In  this  way  6  double 
layers  of  2  wires  each  are  fbrmed,  the  layers  being  separated  by  stout  paper* 
and  each  having  about  the  same  resistpnce  as  the  whole  of  the  coils  of  copper 
strip.  On  the  lid  of  the  box  is  a  conmiutator  and  an  arrangement  by  which 
the  several  layers  of  wire  can  be  connected  up  as  required.  The  poles  carry 
pole-pieces  of  88  mm.  strong  iron  plate,  which  can  be  moved  as  desired.  The 
IbUowing  table  gives  a  comparison  of  electro-magnets  of  large  sixe  which  have 
been  constructed  :— 

KaaM.                     Diiliiioe  Length  Dismeter  Weighl  Saotton     Ko.    Wtiffht 

ofpolei.  ofoore.  ofoove.  of  core,  ofwlve.      of     ofwm. 

Mm.  Mbu  Hjbdu  Kg.  Mm.    Isjws.     Kg. 

Story's  Woolwich  Bar    ^          711  68-6  17-8  14*62       4  19-6 

Fkraday's  Horseshoe   ...    102      1,168         96*26      64-8       14-62       8         20-8 

Plftcker*s  Horseshoe    ...    284      1,820       102  84  14-98       8         86 

Greifswalder  Horseshoe     696      2,706       196        828  6^     26       276 


r.  VOV  HBmOUALTBVBOS— A  NEW  DYNAMO  MAOHINB  FOB 

OONTINUOUB  OUBBENTB.* 

(JSUUkfMhinUa^  ZeiUehrifi,  May,  1881,  ix.  168.) 

In  a  paper  read  before  the  Blektrotechnischer  Yerein,  the  author  gave  an 
account  of  a  new  machine  of  his  invention.  He  commenced  with  a  short 
account  of  the  alternate-current,  machine  of  Messrs.  Siemens^  from  which  the 
new  machine  is  derived.  On  the  bed-plate  of  the  alternate-current  machine 
are  fixed  two  iron  supports  of  a  circular  form.  On  the  inner  side  of  each  of 
these  supports  are  fixed  an  even  number  of  electro-magnets.  The  winding  of 
thbse  electro*magnets  is  so  arranged  that  each  one  has  the  opposite  polarity  of  the 

Ofne  facing  it,  and  of  those  right  and  left  of  it  on  the  same  side  of  the  machine. 
"Ill-'  I    I       II       I  II  I 

*Tht  mbftrsct  of  this  papar  if  glTsn  ■omswhAl  ftOly.  liiioo  ths  aoooonls  of  this  maobliis  thai 
have  slieedy  sppaend  la  SngUsh  psriodioals  hsTt  bssn  BMM  oz  iMs  tnaoouais. 
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Through  the  magnetic  fielda  thus  produced  induction  coils  are  made  to 
rotate.    Two  of  these  coils  are  shown  in  the  figure,  and,  for  the  sake  of  distinct- 


Vw.1. 


^ess,  with  only  two  layers  of  wire  on  each  coil,  at  the  moment  when  the  one. 
half  of  the  coils  are  between  one  pair  of  electro-magnets,  and  the  other  half 
between  the  next  pair.  Thus  in  the  one  half  of  the  coil  an  upward  current  is 
produced,  and  in  the  other  half  a  downward  current,  and  these  two  currents 


Fxo.  2. 
reinforce  each  other.    When  by  the  continuance  of  the  rotation  the  coil  cornea 
Just  between  two  electro-magnets,  induced  currents  are  set  up  in  both  halves 
of  the  coil,  and  a  little  further  on  the  two  opposite  currents  again  reunite,  and 
soon« 
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As  the  number  of  coUb  is  eqnal  to  that  of  the  magnetic  fields,  the  current  is 
simnltaneoosly  reversed  in  all  the  colls.  In  consequence  of  the  opposite 
polarity  of  two  adjoining  magnetic  fields,  the  currents  which  circulate  round 
two  oonsecutiye  coils  are  always  in  opposite  directions. 

The  ends  of  the  coils  are  so  connected  up  that  the  current  circulates  in  each 
coil  in  the  opposite  direction  from  that  in  the  preceding  coil,  and  thus  the  sxmi 
of  the  force  of  the  currents  entering  each  coil  at  the  same  time  is  obtained. 

In  the  above  figure,  as  well  as  in  those  which  follow,  for  the  sake  of  clear- 
ness, the  coils  which  are  connected  up  in  the  circuit  in  the  opposite  way  to  the 
direction  in  which  they  are  wound  are  shown  in  black,  the  others  in  white, 
and  the  magnetic  fields  of  opposite  polarity  are  distinguished  by  the  black  and 
white  rectangles.  It  is  to  be  remarked  that  coils  which  approach  magnetic 
fields  of  similar  colour  induce  currents  in  the  direction  of  rotation  of  the 
machine,  while  coils  which  approach  magnetic  fields  of  dissimilar  colour 
induce  currents  in  the  opposite  direction.  It  will  be  seen  that  at  the  moment 
represented  in  the  figure  the  coils  are  approaching  magnetic  fields  of  the  same 
colour,  whilst  in  an  eighth  of  a  revolution  more  the  reverse  will  take  place,  so 
that,  as  already  explained,  the  power  of  all  the  coils  is  united  to  produce  a 
positive  or  negative  current,  while  by  the  continued  revolution  of  the  machine 
strong  currents  will  be  induced,  rapidly  following  each  other  in  opposite  direc- 
tions, and  constituting  an  alternating  current. 

The  new  dynamo  machine  has  nearly  the  same  external  appearance  as  the 
alternate-current  machine.    The  essential  difTerence  is  that  in  the  new  machine 


Fio.  8» 
the  number  of  induction  colls  is  not  equal  to  the  number  of  pairs  of  electro- 
magnets.   The  number  of  each  can  be  varied  at  pleasure,  but  we  will  suppose 
that  in  the  present  instance  there  are  10  magnetic  fields  and  8  coils,  as  shown 
in  Fig.  3. 


470  ABSTBA0T8. 

Since  the  magnetio  fields  are  at  a  different  distance  ^part  from  the  ooilB, 
only  two  of  the  latter,  diametrically  opposite  to  each  other,  can  he  simnltane* 
onsly  in  the  magnetic  fields,  the  other  coils  heing  at  a  greater  or  less  distance 
from  the  adjoining  fields. 

When  the  coils  rotate,  therefore,  the  maTima  of  the  current  do  not,  as  in 
the  alternating  machine,  enter  similar  coils  simoltaneonsly,  hat  enter  soccossiTe 
coils  at  saccessiTe  moments. 

In  order  to  unite  all  these  induced  currents  into  one  continuous  cunenty 
the  ends  of  the  armature-coils  are  so  connected  up  that  the  wire  on  all  the  coils 
forms  a  continuous  dosed  circuit,  and  is  wound  round  two  a^oining  ooils  in 
opposite  directions.  Thus  the  induced  currents  which  are  produced  in  two  oon- 
secutiye  coils  reinforce  each  other  as  the  coils  approach  simultaneously  the 
corresponding  magnetic  fields,  which  of  course  haTe  different  polarities,  as  seen 
in  Fig.  8.  The  axle  of  the  machine  carries  a  oonmmtator,  which  consists  of  40 
plates  insulated  firom  each  other  and  from  the  axle.  The  commutator  plates 
are  connected  in  8  groups  in  such  a  way  that  each  group  includes  5  plat^  each 
of  which  is  separated  fh>m  any  other  plate  of  the  same  group  by  the  7  plates  of 
the  other  groups.  These  connections  are  made  by  means  of  8  metal  rings 
attached  to  the  axle,  but  insulated  from  it,  from  each  of  which  five  wires  lead 
to  the  commutator  plates  of  the  respective  groups.  From  the  connecting  wire 
between  each  two  oonsecutiye  coils  a  wire  goes  to  each  one  of  the  groups  of  the 
oonunutator,  and  in  such  a  way  that  two  consecutive  connections  between  the 
ooils  are  connected  to  two  consecutive  plates  of  the  commutator. 

The  current  is  taken  off  at  two  diametrically  opposite  points  of  the 
commutator,  by  means  of  springs  or  brashes. 

The  working  of  the  machine  will  be  understood  by  reference  to  Fig.  S,  in 
which,  besides  the  coils  and  magnetic  fields,  the  commutator  with  its  groups  of 
plates  is  indicated  by  the  outer  numbered  oirde,  the  position  of  the  brushes  l^ 
the  signs  -)-  and  — ^  and  the  connecting  wires  between  the  coils  by  the  lines 
numbered  1  to  8.  For  the  sake  of  clearness,  the  connections  between  the  coils 
and  the  plates  have  been  left  out,  but  it  must  be  remembered  that  each  of  the 
wires  numbered  1  to  8  is  connected  to  each  of  the  five  plates  which  bears  the 
corresponding  number. 

Imagine  now  that  the  coils,  together  with  the  commutator,  rotate  in  the 
direction  shown  by  the  arrow,  viz.,  with  the  hands  of  a  watch,  then  no  matter 
at  what  moment  we  consider  the  position  of  the  coils  with  respect  to  the 
magnetic  fields^  we  shall  find  that  we  oan  alwa5rs  draw  a  straight  line  through 
the  centre  of  the  diagram,  which  will  divide  it  into  two  halves^  in  one  of  which 
like-coloured  coils  and  fields  approach  each  other,  and  in  the  other  half  unlike- 
odoured.    This  line  is  shown  dotted  in  the  figure. 

All  the  coils  in  the  one  half  give  a  positive  current  in  the  direction  of 
rotation,  and  the  coils  in  the  other  half  in  the  contrary  direction  f  accordingly 
from  both  halves  positive  eleotrieity  is  led  to  the  point  7,  and  negitive  electric 
ci^  to  the  point  8.  It  will  also  be  seen  from  the  figure  that  the  plates  7  and  8 
of  the  commutator,  which  are  in  connection  with  connecting  wires  7  and  8  of 
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the  ooiI%  axe  nnder  the  broahes  on  either  nde^  and  therefore  a  current  wiU  flow 
through  the  external  circuit  of  the  machine. 

In  a  similar  manner  it  will  be  found  that  for  any  other  pontion  of  the 
machine,  the  imaginary  line  of  diyiaion  always  cnta  the  two  pointa  of  the  inner 
drele  in  cozmeotion  with  the  similarly  numbered  plates  of  the  commutator, 
which  are  for  that  position  in  contact  with  the  broshes^  whence  it  follows  that 
ttcaax  the  +  brash  a  oontinaoiis  positive  current  is  obtained,  and  a  continuous 
negative  current  from  the  brush  marked  *. 

The  new  continuous-current  machine  and  the  older  dynamo  machines  have 
this  point  in  conmion,  that  in  the  two  halves  the  current  flows  in  parallel  shunt 
circuits.  While  in  the  latter,  however,  the  two  shunt  circuits  maintain  their 
position,  in  the  new  machine  they  revolve  in  an  opposite  direction  to,  and  much 
Iwter  than,  the  axle,  but  on  account  of  the  peculiar  arrangement  of  the 
commutator  plates  the  ends  of  both  circuits  are  always  in  contact  with  the 
brushes. 

The  general  arrangement  of  such  a  machine  is  as  follows,  it  being  under- 
stood that  the  nmnber  of  coils  must  not  be  equal  to  the  number  of  magnetic 
fields:— Let  n  be  an  even  number  of  rotating  coils,  and  n  +  2  the  number  of 

pairs  of  electro-magnets,  the  commutator  should  have  a  (  2  +   ^  )    P^^'^* 

Between  the  windings  of  every  two  coils  there  is  a  connection  with  2"^  ^  parts 

of  the  commutator,  which  are  at  equal  distances  from  each  other.  The  current 
is  always  taken  off  at  two  diametrically  opposed  points  of  the  commutator. 


V10.4 

Instead  of  there  being  more  magnetic  fields  than  coils,  thete  may  be  fewer, 
as  is  seen  by  changing  the  +  sign  into  —  in  the  above  quantities,  and  the 
difference  need  not  be  alwa5r8  equal  to  S.    IPor  instance^  while  retaining  10 
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magnetie  fields,  the  number  of  coils  may  be  doubled,  t.e.,  there  may  be  16  ooOs. 
This  giyes  an  advantage  in  that  the  sparking  at  the  conmiutator  is  less,  and 
the  machine  works  better  and  more  steadily.  Fig,  4  shows  a  diagram  of  such 
a  machine. 

The  coils  are  arranged  in  two  series,  so  that  one  coil  half  covers  the  end  6t 
the  opposite  coil  in  the  second  series.  It  will  be  seen  from  the  figure  that  the 
coils  into  which  the  currents  enter  in  immediate  succession  do  not  follow  ea^ 
other,  but  are  arranged  in  a  zigzag  manner  along  a  circle,  and  are  conneeted 
consecutiyely  in  the  circuit  of  the  current.  On  this  account,  the  oonnectiona 
between  the  coils,  which  in  Fig.  3  appeared  as  a  circle,  are  here  shown  as  lines 
crossing  the  circle  backwards  and  forwards.  In  this  case  the  commutator  has 
80  parts. 

The  author  claims  the  following  advantages  for  his  new  machine.  The 
electro-magnets  are  directly  excited  by  the  continuous  current  circulating  in 
their  coils,  while  in  former  continuous-current  machines  the  more  important 
pole  is  magnetised  by  induction,  and  therefore  with  less  strength.  The  rotating 
coils  contain  no  iron,  and  no  reversal  of  the  magnetic  poles  occurs  in  the  whole 
machine,  and  thus  the  loes  of  power,  due  to  heating  of  the  iron  by  such  reversals, 
is  avoided.  In  the  existing  machines  of  Gramme  or  Siemens,  this  heating  does 
not  reach  a  large  amount,  since  the  poles  are  only  reversed  twice  in  each 
revolution ;  but  in  the  machine  here  described,  the  reversals,  supposing  an  iron 
core  to  be  used,  as  in  the  Alliance  machine,  would  be  much  more  frequent,  and 
the  heating  would  be  considerable,  entailing  a  greater  expenditure  of  power  to 
drive  the  machine.  Another  advantage  lies  in  the  simple  manner  of  winding 
the  coils,  and  in  the  possibility  of  thoroughly  insulating  the  wire  fh>m  the  body 
of  the  machine.  The  armatures  of  the  older  types  of  machine  had  to  be 
wound  by  hand,  whereas  the  coils  of  the  new  machine  can  be  readily  wound  in 
a  lathe. 

The  author  proceeds  to  compare  the  respective  merits  of  continuous-current 
machines  and  alternate-current  machines.  The  amount  of  light  given  by  the 
two  kinds  of  machines  is  about  the  same,  but  in  the  continuous-current  one, 
since  the  positive  carbon  is  placed  at  the  top,  the  light  is  thrown  more  down- 
wards, while  with  alternate-current  machines  each  carbon  is  equally  hot,  and 
the  light  is  more  equally  difi^ed.  The  alternate  current  gives  the  best  light  in 
a  horizontal  direction,  and  the  continuous  current  in  a  downward  direction.  A 
further  advantage  of  the  alternate  current  machines  is  that,  as  the  electro- 
magnets are  excited  by  a  current  from  a  small  dynamo  machine,  they  are  not 
so  sensitive  to  any  slight  variations  of  resistance  in  the  circuit,  and  they  thus 
give  a  steadier  light.  This  method  of  exciting  the  electro-magnets  by  a  current 
from  a  primary  machine  can  also  be  adopted  very  successfully  with  continuous 
current  machines.  Also  the  alternate-current  machines  do  not  require  any 
commutator.  This  is  the  most  critical  part  of  a  dynamo  machine,  both  on 
account  of  the  sparking,  which  cannot  be  entirely  prevented,  and  because  any 
faulty  insolation  may  lead  to  great  damage  to  the  machine.  With  alternate- 
current  machines,  again,  several  independent  circuits  can  be  derived  from  the 
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same  machine,  so  that  the  lamps  may  be  easily  arranged  in  gronps,  any  one  of 
which  may  be  extinguished  withoat  affecting  the  others.  Neither  machine  has 
a  decided  saperiority,  but  each  has  its  special  uses.  Both  kinds  can  be  nsed  to 
work  differential  lamps,  it  being  only  necessary  to  proportion  the  thickness  of 
the  wire  on  the  armature  to  the  power  required  for  the  lamps.  Whilst,  there- 
fbre,  both  kinds  of  machines  can  be  suitably  employed  for  lighting,  the  con- 
tinuous-current machines  are  alone  available  for  electro-plating,  refining  of 
metals  by  electrolysis,  or  for  transmission  of  power. 

The  author  concluded  by  observing  that  the  machine  was  still  too  new  to 
admit  of  a  full  comparison  with  the  older  types,  but  he  thought  that,  by  uniting 
the  currents  arising  from  different  poles  of  the  machine,  a  new  principle  had 
been  introduced,  which  would  prove  of  importance  in  the  further  development 
of  dynamo-electric  machines. 


INDEX.  47S 


INDEX  OF  VOL  X. 

1881. 


PAGB 

AlMlyPiofMiOT  C.  A.,  Bonarkf  on  B^ort  apoa  the  Ititeniitioiial  Exhi* 

bition  of  Electricity  in  Fariiy  1881 4S8 

AdAini,  A.  J.  8.  (Second  Paper),  on  Earth  Gorrentf 84 

Adaitti^  A.  J.  6^  Bemarkf  on  hit  own  Paper  on  Earth  Oorrenta     106 

Adami^  A.  J.  8.,  Bemariur  on  Mr.  HeaTi8ide*8  Paper  on  Some  Experiments 

on  Induction  with  the  Telephone 89 

Adami,  A.  J.  8^  Vote  of  Thanks  to  110 

Adamsy  Prolbeior  W.  Q»9  Bemarki  on  Mr.  A.  J.  Adams*  Paper  on  Earth 

Chirrents m.       •'•       •••       •••        •..      44 

Adams,  Professor  W.  G.,  Bemarks  on  Mr.  W.  H.  Preece's  Paper  on 

Badiophony       218 

Annual  Beport  of  the  Oonncil  fbr  1881 480 

Armstrong,  Major,  Bemarks  on  the  Oonstrnotion  and  Working  of  a  Mili- 
tary Field  Telegraph,  by  B.  P.  Y.  Lake      288 

Ayrton,  Professor  W.  E.,  and  Professor  J.  Perry,  Paper  on  A  Portable 

Absolute  Galvanometer  for  Strong  Currents,  etc.  156 

Ayrton,  Profisssor  W.  E.,  Bemarics  on  Lieut.  Cardew's  Paper,  On  the 

Application  of  Dynamo^Eleetro  Machines  to  Bailway  Boiling  Stock  116-17 
Ayrton,  Professor  W.  E.,  Bemarks  on  Mr.  Heayiside's  Paper  on  Some 

Experiments  on  Induction  with  the  Telephone 80 

Ayrton,  Professor  W.  E.,  Bemarks  on  Mr.  Fox  Pitt's  Paper,  On  the 

Application  of  Electricity  toJLighting,  etc 802,210 

Ayrton,  Professor  W.  E.,  Bemarks  on  Mr.  Yarley's  Paper,  On  a  CouTenient 

F6rm  of  Oonstant  Battery  of  yery  Small  Internal  Besistance  ...  459, 460 
Ayrton,  Professor  W.  E.,  Bemarks  on  Beport  upon  the  International 

Exhibition  of  Electricity  in  Paris,  1881     417 

Automatic  Doable  Translator,  Paper  by  T.  J.  Wilmot         67 

Banker,  S.  M.,  Bemarks  on  Mr.  Adams'  Paper  on  Barth  Ourrents            ...  76 

Berger,  M.,  Bemarks  >y  the  President,  expressing  a  Vote  of  Thanks  to   •••  809 

Berger,  M.,  Beply  to  the  Vote  of  Thanks  expressed  by  the  President      ...  810 

Betts,  J.  A.,  Bemarks  on  Mr.  Morris'  Paper  on  Telegraphs  in  Japan       ...  142 

Bidwell,  Shelford,  Paper  on  Telegraphic  Photography        864 

Bright,  E.  B.,  On  the  Interference  with  the  Processes  of  Manufacture  of 
Wool  and  Hair,  arising  from  the  Development  of  Electricity  during 

Spinning _  121 


476  INDEX. 

PAOB 

Bright)  E.  B^  Bemarks  on  his  own  Paper,  On  the  Interference  with  the 
Frooeases  of  Mannfactore  of  Wool  and  Hair,  arising  from  the  Deyelop- 
ment  of  Electricity  during  Spinning         126 

Bright^  £.  B.,  Vote  of  Thanks  to  ...        ^        116 

Bright,  Sir  Charles,  Be^rt  upon  the  International  Exhihition  of  Elec- 
tricity in  Paris,  1881    402 

Bright)  Sir  0.  T.,  Bemarks  on  Beport  upon  the  International  Exhibition 

of  Electricity  in  Paris,  1881 417,427 

Bright,  Sir  Charles,  Bemarks  on  Mr.  Lund's  Paper,  On  a  Complete  System 

of  Synchronizing  by  Electric  Time  Signals      88S 

Cardew,  Lieut,  Paper,  On  the  Application  of  Pynamo-Electro  Xachinee 

to  Bailway  Boiling  Stock      .,.    lU 

Chadwick,  D.,  Bemarks  on  Mr.  Pitt's  Paper,  On  the  Application  of  Elec- 
tricity to  Lighting  and  Heating,  etc 165 

Cochery,  M.,  Bemarks  by  the  President,  announcing  his  Election  af  an 

Honorary  Member       809 

Cochery,  M.,  Beply  to  the  Bemarks  by  the  President,  announcing  his 

Election  as  an  Honorary  Member 810 

Coffin,  W.  H.,  Bemarks  on  Mr.  Lund's  Paper,  On  a  Complete  System  of 

Synchronizing  by  Electric  Time  Signals » 897 

Coffin,  W.  H.,  Bemarks  on  Mr.  Yarley's  Paper,  On  a  Oonyenient  Form  of 

Constant  Battery  of  very  Small  Internal  Beiistanoe  •••  ^,  467, 461 
Constant  Batteiy,  On  a  Conyenient  Form  of  fery  Small  Internal  Be- 

sistance,  by  C.  F.  Varley        462 

Construction  and  Working  of  a  Military  Field  Telegn^h,  Paper  on  the, 

by  a  P.  V.  Luke  282 

Criswick,  G.  S.,  Bemarks  on  Mr.  Lund's  Paper,  On  a  Complete  System  of 

Synchronizing  by  Electric  Time  Signals  •-        896 

Crompton,  B.  E.,  Bemarks  on  Mr.  Pitt's  Paper,  On  the  Application  of 

Electricity  to  Lighting,  etc 166, 198 

Crompton,  B.  E.,  Bemarks  on  Mr.  Preeoe's  Paper  on  Badiophony 229 

Crompton,  B.  E.,  Bemarks  on  Beport  upon  the  International  Exhibition 

of  Electricity  in  Paris,  1881 428 

Council,  Annual  Beport  of,  for  1881       ...        .-. 480 

Council  for  1882,  Election  of       462 

Donoyan,  H.  C,  Bemarks  on  Mr.  Pitt's  Paper,  On  the  Application  of 

Electricity  to  Lighting,  etc. 196 

Discussion  on  Mr.  Adams's  Paper  on  Earth  Currents..        44, 71, 106 

Discussion  on  Professors  Ayrton  and  Perry's  Paper  on  A  Portable  Absolute 

Oalyanometer  for  Strong  Currents,  etc ^        166 

Discussion  on  Mr.  Bright's  Paper,  On  the  Interference  with  the  Processet 
of  Manufacture  of  Wool  and  Hair,  arising  from  the  Deyelopment  of 
Electricity  during  Spinning,  etc.     ^    126 


INDEX.  477 

PAOB 

BueoBtion  on  Lieat.  Oardew'i  Paper,  On  the  AppUeation  of  I)ynaino- 

Electro  Machines  to  Bailwaj  Boiling  Stock       114 

Bisoiusion  on  Mr.  Heayiiide'i  Paper  on  Some  Experiments  on  Indnction 

with  the  Telephone     S8 

Discnssion  on  Mr.  iRike's  Paper,  On  the  Construction  and  Working  of  a 

Military  Field  Telegraph      85S 

Discnraion  on  Mr.  Morris's  Paper  on  Telegraphs  in  Japan 145 

Discnssion  on  Mr.  G.  L.  Fox  Pitt's  Paper,  On  the  Application  of  Electricity 

to  Lighting,  etc 189 

Discussion  on  Mr.  W.  H.  Preece's  Paper  on  Badiophony      228 

Discussion  on  Mr.  Yarley's  Paper,  On  a  Convenient  Form  of  Constant 

Battery  of  very  Smalllntemal  Besistance        457 

Discnssion  on  Mr.  Lund's  Paper,  On  a  Complete  System  of  Synchronizing 

by  Electric  Time  Signals,  as  now  adopted  in  London  and  elsewhere  ...  896 
Discussion  upon  Sir  Charles  Bright  and  Professor  D.  E.  Hughes'  Beport 

upon  the  International  Exhibition  of  Electricity  in  Paris,  1881  ...  417 
Domestic  Application  of  Electricity  to  Lighting  and  Heating,  and  fot 

other  Purposes,  bySt.  (George  Lane  Fox  Pitt       148 

Dresing,  C,  Bemarks  on  Mr.  Adams' Paper  on  Earth  Currents      71 

Dresing,  C,  Bemarks  on  Mr.  Morris'  Paper  on  Telegraphs  in  Japan        ...    146 

Earth  Currents,  by  Alex.  J.  S.  Adams 

Electric  Exhibition  at  Paris,  Notice  by  the  President  regarding  the       ...  104 

Electric  Storm  of  January  81st,  1881,  by  W.  H.  Preece       97 

Election  of  New  Members  and  Associates        SS,  66, 126, 172, 281, 270, 401, 461 
Electric  Time  Signals,  On  a  Complete  System  of  Synchronizing  by, 

byJ.  A.  Lund 881 

Electrostatic  Capacity  of  Cables  and  Condensers,  Measurement  of,  by 

V*  CjOtt     ...        «..        ••*        ...        ...        ...        *••        •«•        ...        •••  S7o 

Ellis,  W.,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents         73 

Forbes,  Professor  G.,  Bemarks  on  Beport  upon  the  International  Exhibit 

tionofElectricity  in  Paris,  1881     417,421,487,428 

Foster,  Professor  G.  C,  Inaugural  Address  as  President  for  1881    ...        ...       4 

Foster,  Professor  G.  C,  Bemarks  on  the  Annual  Beport  of  the  Council 

for  lOol    ■••  ...  ...  •••  •••  •••  •*•  •••  •••  •••     s4v 

Foster,  Professor  G.  C,  Bemarks  on  Mr.  Heaviside's  Paper  on  Some  Ex- 
periments on  Induction  with  the  Telephone       81 

Foster,  Professor  G.  C,  Bemarks  on  Mr.  Lund's  Paper,  On  a  Complete 

System  of  Synchronizing  by  Electric  Time  Signals       396 

Fdster,  Professor  G.  C,  Bemarks  on  Mr.  Yarley's  Paper,  On  a  Convenient 
Form  of  Constant  Battery  of  very  Small  Internal  Besistanee 457 

Foster,  A.  Le  Neve,  Bemarks  on  Beport  upon  the  International  Exhibition 

of  Electricity  in  Paris,  1881 ..•       426 

VOL.  X.  33 


4ffB  INDEX. 


PAOB 


Qott^  J.,  Paper  on  the  Heagnrement  of  the  Electrottatio  Capacity  of 

Cables  and  Condensers 878 

Gott^  J.,  Paper  on  A  Simple  and  Efficient  Lightning  Condnotor    880 

Govi,  M.  C^  Professenr,  Paper  on  I/Annean  de  M.  Pacinotti  S7S 

Gompel,  C.  G.,  Bemaiks  on  Mr.  St.  G.  L.  Fox  Pitt's  Paper,  On  the  Appli. 

cation  of  Electricity  to  Lighting  and  Heating,  etc       170 

Hamilton,  Major,  Bemarks  on  Mr.  S.  P.  Y.  Lake's  Paper,  On  the  Constmc- 

tion  and  Working  of  a  Military  Field  Telegraph  888 

Heayiside,  0.,  Paper  on  Magneto-Electric  Current  Generators       871 

Heaviside,  A.  W^  Paper  on  Some  Experiments  on  Induction  with  the 

JLelepnone  •••        •••        •••        •••       •••        •••        •••       •••        •••      311. 

Heinrichs;  C.  F.,  Bemarks  on  Mr.  G.  L.  Fox  Pitt's  Paper,  On  the  Applica- 
tion of  Electricity  to  Lighting,  etc.  801 

Helmholtz,  Professor,  Notice  by  the  President  regarding  the  Beception  of     187 

Higgins,  F.,  Bemarks  on  Mr.  Yarley's  Paper,  On  a  Conyenient  Form  of 

Constant  Battery  of  yery  Small  Internal  Besistance    ...        ...       458, 400 

Haghes,  Professor  D.  E.,  Bemarks  on  Mr.  A.  W.  Heayiside's  Paper  on 

Some  Experiments  on  Induction  with  the  Telephone    28,  80,  81 

Hughes,  Professor  D.  E.,  Beport  upon  the  International  Exhibition  of 

Electricity  in  Paris,  1881       402 

Inaugural  Addresses  of  the  President  for  1881,  Professor  G.  C.  Foster  «..  4 
Inddction  with  the  Telephone,  Some  Experiments  on,  by  Professor  D.  E. 

Hughes 21 

Interference  with  the  Processes  of  Manufacture  of  Wool  and  Hair,  arising 

firom  the  Deyelopment  of  Electricity  during  Spinning,  etc.,  Paper  by 

Mr.  E.  B.  Bright  121 

International  Exhibition  of  Electricity  in  Paris,  Beport  upon,  by  Sir 

Charles  Bright  and  Professor  D.  E.  Hughes        408 

Iwata,  T.,  on  the  Preparation  of  the  Pure  Mercurous  Sulphate  for  Latimer 

Clark's  Constant  Cell 462 

Josephs,  Bemarks  on  Mr.  8.  P.  Y.  Luke's  Paper,  On  the  Construction  and 

Working  of  a  Military  Field  Telegraph 266 

Kempe,  H.  B^  Bemarks  on  Lieutenant  Cardew's  Paper,  On  the  Application 

of  Dynamo-Electro  Machines  to  Bailway  Boiling  Stock         116 

Kempe,  H.,  Bemarks  on  Mr.  Yarley's  Paper,  On  a  Conyenient  Form  of 

Constant  Battery  of  yery  Small  Internal  Besistance     468 

Kempe,  H.  B.,  Bemarks  on  the  Annual  Beport  of  the  Council  for  1881    ...    400 

L'Anneau  de  M.  Pacinotti,  par  M.  le  profiBSBeur  Goyi  S78 

LesChemindeFerElectriques,  par  Dr.  Werner  Siemens 870 


IKDBX.  "4^9 

PAOB 

Letter  from  Mr.  Spagnolettiy  regarding  Gnrrents  prodnced  in  a  Wire  by 

Flowing  Water 277 

Librarian'iBeport ^ 486 

Imke,  8.  P.  Y.,  Paper,  On  the  Construction  and  Working  of  a  Hilitary  Field 

Telegraph          282 

Luke,  8.  P.  Y.,  Bemarks  on  his  own  Paper,  On  the  Constmction  and 

Working  of  a  Military  Field  Telegraph    - 269 

Land,  J.  A.,  On  a  Complete  8ystem  of  Synchronizing  by  Electric  Time 

Signals,  as  now  adopted  in  London  and  elsewhere         881 

Lund,  J.  A.,  Bemarks  on  his  own  Paper,  On  a  Complete  System  of 

Synchronizing  by  Electric  Time  Signals 899 

Magneto-Electric  Current  Generators,  by  0.  Heaviside       271 

Malcolm,  Lient-CoL,  Bemarks  on  Mr.  S.  P.  Y.  Lake's  Paper,  On  the  Con- 
stmction and  Working  of  a  Military  Field  Telegraph 262 

Manual  Translator   and  Automatic  Doable    Current   Translator,  by 

T.J.Wilmot      67 

Maunsell,  Major-General,  F.  B^  Bemarks  on  Mr.  8.  P.  Y.  Luke's  Tamper, 

On  the  Construction  and  Working  of  a  Military  Field  Telegraph     ...  268 

Memorandimi  relative  to  the  Specimens  sent  from  Japan  by  Mr.  M,  Yoshida  144 

Mercadier,  M.,  Paper  on  Badiophonie     888 

Meroadier,  M.,  Yote  of  Thanks  to ...  868 

Mercurous  Sulphate  Pure,  Preparation  ol^  for  Latimer  Clark's  Constant 

Cell,  by  T.  Iwata          462 

Military  Field  Telegraph,  Paper  on  the  Construction  of,  by  Mr.  S.  P.  Y. 

■iAuLe        •••        •••        •••        •••        ...        ...        •••        ,«•        •••        ...  «8Z 

Mitchell,  Bemarks  on  Mr.  Pitt's  Paper,  On  the  Application  of  Electricity 

to  lighting  and  Heating,  etc 170 

Morris,  J.,  Paper  on  Telegraphs  in  Japan         127 

Moser,  Dr.,  Bemarks  on  Mr.  W.  H.  Preece's  Paper  on  Badiophony.«.  ...  288 
Moolton,  J.,  Bemarks  on  Beport  upon  the  International  Exhibition  of 

Electricity  in  Paris,  1881       429 

Kew  Members  and  Associates,  Election  of         88,  66, 126, 172,  281, 270 

Notice  >y  President  regarding  the  Electrical  Exhibition,  Paris     104 

Notice  by  the  President  regarding  the  reception  of  Prof.  Helmholtz        ...  127 

Pacinotti,  Bemaiks  on  M.  QoTi's  Paper  on  L*Anneau  de  M.  Pacinotti  ...  879 
Page,  Mi^  Fkxxl,  Bemarks  on  Beport  upon  the  International  Exhibition 

of  Electricity  in  Paris,  1881 424 

Partz,  A.,  Paper  on  The  Thermo-Electric  Neutral  Point      178 

Perry,  Prof.  J.,  and  Prof.  W.  E.  Ayrton,  Paper  on  A  Portable  Absolute 

GalTanometer  for  Strong  Currents,  etc 166 

Persy,  Prof .,  Bemarks  on  Mr*  Adams' Paper  on  Earth  Currents       61 


480  jmmsL 

Fdrry,Proi.  J.|  Bemarlu  on  Mr^  G.  L.  Fox  Pitt*B  Paper,  On  the  Application 

of  Bleotrloity  to  Lighting,  etc 200 

Fitt^  St.  O.  L.  Fox,  Paper,  On  the  Application  of  Electricity  to  Lighting 

and  Heating,  and  for  Domestic  and  other  Poipoees       -  148 

Pitt|  8t»  G.  Lane  Fox,  Bemarks  on  his  own  Paper,  On  the  Application  of 

Electricity  to  Lighting,  etc ^        208 

Pitman,  E»  0.,  Bemarks  on  Mr.  8.  P.  Y.  Lake's  Paper,  On  the  Oonstmction 

and  Working  of  a  Military  Field  Telegraph       266 

Preece^  W.  H.,  Paper  on  Badiophony      212 

PreeoOyW.  H.,  Bemarks  on  his  own  Paper  on  Badiophony 280 

Preeoe^  W.  H.,  Bemarks  on  Mr.  8.  P.  Y.  Luke's  Paper,  On  the  Oonstroction 

and  Working  of  a  Military  Field  Telegraph        288 

President^  Notice  by,  regarding  the  reception  of  Professor  Helmholtz     ...  127 

President,  Notice  by,  regarding  the  Electrical  Exhibition  at  Paris         ...  104 

President^  Bemarks  announcing  M.  Oochery's  Election  as  an  Hon.  Member  309 
President^  Bemarks  on  Lieut  Oardew*s  Paper,  On  the  Application  of 

Dynamo-Electro  Machines  to  Bailway  Boiling  Stock 117 

President,  Bemarks  on  Mr.  Luke's  Paper,  On  the  Oonstructlon  and  Working 

of  a  Military  Field  Telegraph  253,270 

Badiophonie,  Paper  by  M.  Mercadier     883 

Badiophony,  by  Mr.  W.  H.  Preeoe          212 

Bemarks  on  Mr.  Alex.  J.  8.  Adams'  Paper  on  Earth  Currents,  by— 

Proftssor  W.G.Adams 44 

Mr.  H.  0.  Saunders         46 

„    Whipple         49 

„    Charlton  Wollaston 60 

Professor  Perry 61 

Mr.  C.  F.  Yarley 66 

„    0.  Dresing      71 

„   W.  Ellis          72 

„    8.  M.  Banker 76 

„    Willoughby  Smith 81,108 

M    C.  Wollaston 86 

n    C.E.Bpagnoletti      87 

„    G.K.  Winter 92 

Professor  Ayrton 94 

Mr.  A.  J.  8L  Adams         106 

Bemarks  on  Mr.  E.B.Brighfs  Paper,  On  the  Interliarenoe  with  the  Pro- 
cesses of  Manuiisoture  of  Wool  and  Hair,  arising  fhmi  the  Deyelopment 
of  Electricity  during  Spinning,  etc.,  by- 
Mr.  H.  Preeoe       186 

„   M.Bobert8     126 

n    E.B.  Bright 126 

The  President       126 


Dn)EX.  481 

PAGE 

BemaxkB  on  Lient.  Oardew's  Paper,  On  the  Applicatioi^  of  I>ynamoJSl60tro 
Machinee  to  Bailway  Boiling  Stock,  by- 
Mr.  Alex.  Biemeni...        M 114 

„   0.  B.  Spagnoletti      116 

,,   B.  £.  Orompton        116 

„   G.K.  Winter 116 

„  H.  B.  Kempe 116 

ProtAyrton          116 

The  President       117 

Prof.Ayrton          ^ 117 

Lieut.  Cardew       ISO 

Bemarks  on  Mr.  GoTi's  Paper  on  L'Anneau  de  M.  Pacinotti,  by  M.  Padnotti    879 

Bemarks  on  Mr.  O.  Heayiside's  Paper  on  Some  Experiments  on  Induction 
with  the  Telephone,  by- 
Prof.  D.  £.  Hughes  28,80,81 

Mr.A.8troh  28,82 

„  A.  J.  8.  Adams  ...        ...        ...        ...        ...      29 

Proi^  Ayrton         ...       ...        ...       ...       ...        ...       ...       ...      80 

„    Poster  ...        ...       ...        ...       ...       •••       ...       ...     81 

B«narkfl^on  Mr.  8.  P.  V.  Luke's  Paper,  On  the  Ck>n8tmction  and  Working 
of  a  Military  Field  Telegraph,  by— 

Major-Oeneral  F.  B.  Maunsell 268 

OoL  Woodthorpe,  B.B.     264 

Major  Armstrong,  Bj: 266 

Mr.  £.  0.  Pitman,  OJ.E 266 

Lieut.-OoL  Malcolm,  BJ:.          ...        ...        262 

„        Webber,  Bj: 268 

Mr.  Josephs 266 

Migor  Hamilton,  BJ: 267 

Mr.  W.  H.  Preece 268 

„  8.  p1  y.  Luke,  0X£ 270 

The  President       270 

Bemarks  on  Mr.  J.  A.  Lund's  Paper,  On  a  Ck)mplete  8ystem  of  Synchronizing 
by  Electric  Time  Signals,  as  now  adopted  in  London  and  elsewhere,  l^— 

Sir  Charles  Bright  896,401 

Prof.  G.  0.  Foster 896 

Mr.  A.  Stroh          •••        ...        •••        ...        ...        ...        ...        •••  897 

„  W.  H.  Oofl&n    ...        ...        ...        ...        ...        ...        ..•        •••  897 

„  G.  8.  Oriswick...        ...        ...        ...       •••        •••        •••        •••  896 

„  J.  A.  Lund      ...        ...        ...        ...        ...        •••        ••.        •••  899 

Bemarks  on  Mr.  Morris*  Paper  on  Telegraphs  in  Japan,  by— 

Mr.  A.  u.  Betts      ...        ...        ...        ...        .••       ...       *••       •*.  148 

„   Dresing          146 

,,      vOBepuB.aa  ...  ...  ...  ...  ...  ...  ...  •••        *90 

.,  W.H.  Preece ...       146 


488  INDEX. 

PAdX 

Bemarks  on  Mr.  Pitt's  Paper,  On  the  Application  of  Electricity  to  Lighting 
and  Heating,  etc.,  and  on  the  Paper  hy  Profeseori  Ayrtoa  and  Perry 
on  A  Portable  Absolnte  Qalyanometer  for  Strong  Oorrents,  etc.,  by — 

Mr.  D.  Ohadwick 16S 

„   B.  B.  Orompton         166, 198 

„    Mitchell          ...        ...        ...        ...        ...        ...        ...        •••  169 

„   0.  G.  GfUnpel 170 

Oapt.  M.  T.  Sale 189 

Mr.  J.  N.  Shoolbred        190 

„   Alex.  Siemens          198 

„   B.C.  Donovan          196 

„   0.  P.Varley 196 

Professor  J.  Perry 200 

Mr.  C.  F.  Heinrichs         201 

Professor  Ayrton 202,210 

Mr.  St.  G.Lane  Fox  Pitt          208 

Bemarks  on  Mr.  W.  H.  Preece's  Paper,  on  The  Electric  Storm  of  January 

Slst,  1881,  by  Mr.  0.  F.  Varley        98 

Bemarks  on  Mr.  W.  H.  Preece's  Paper  on  Badiophony,  by— 

Prof^Msor  W.  G.  Adams 228 

Lr.Moser !&28 

Mr.  B.  £.  Orompton        229 

„   W.H.  Preece 280 

Bemarks  on  Dr.  Werner  Siemens'  Paper  on  Les  Ohemin  de  Fer  Electriqnes, 

by  Dr.  0.  W.  Siemens 870 

Bemarks  by  the  President^  announcing  M.  Oochery's  Election  as  an  Hon. 

Member 809 

Bemarks  npon  Sir  Oharles  Bright  and  Professor  D.  £.  Hughes' Beport  upon 
the  Litemational  Exhibition  of  Electricity  in  Paris,  1881,  by- 
Mr.  G.  0.  Poster    ^        ...  417.421,424 

Prof essor  Ayrton 417 

Sir  0.  T.  Bright 417,427 

Mr.J.Moulton      418,429 

Professor  G.  Forbes         419 

„         0.  A.  Abel        ...        ...  422 

Mr.  E.  Graves       423 

Major  Flood  Page 424 

Mr.A.Stroh          426 

„   A  Le  Neve  Foster 426 

„   B.  Orompton 428 

Bemarks  on  the  Annual  Beport  of  the  Council  for  1881,  by- 
Mr.  M.Boberts      448 

„  G.O.Foster 449 

„  H.  B.  Kempe 460 


INDEX.  488 

PAGE 

Bemarki  on  Mr.  Y arley *8  Paper,  On  a  Oony enient  Form  of  Constant  Battery 
of  very  Small  Internal  Be8i8tance«  by- 
Prof.  G.  C.  Foster 457 

Mr.  0.  P.  Varley 468,469,460 

„   H.Kempe       458 

„   P.Higgins      458,461 

Prof.Ayrton         469,460 

Beport  upon  the  International  Exhibition  of  Electricity  in  Paris,  1881j  by 

Sir  Charles  Bright  and  Prof.  D.E.Hnghes 402 

Betirement  of  Past  President  and  Vote  of  Thanks      1 

Boberts,  General  Sir  F.,  Letter  from     232 

Boberts,  M.y  Bemarks  on  the  Annual  Beport  of  the  Cooncil  for  1881       ...  448 

Bale,  Capt  M.  T.,  Bemarks  on  Mr.  G.  L.  Fox  Pitt's  Paper,  On  the  Application 

of  Electricity  to  Lighting,  etc 189 

Saunders,  H.  C,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents           ...  46 
Shoolbred,  J.  N.,  Bemarks  on  Mr.  G.  L.  Fox  Pitt's  Paper,  On  the  Application 

Mectricity  to  Lighting,  etc 190 

Siemens,  Alex.,  Bemarks  on  Lieut.  Cardew's  Paper,  On  the  Application  of 

PynamoJBlectro  Machines  to  Bailway  Boiling  Stock 114 

Siemens,  Alex.,  Bemarks  on  Mr.  G.  L.  Fox  Pittas  Paper,  On  the  Application 

of  Electricity  to  Lighting,  etc 193 

Siemens,  Dr.  C.  W.,  Bemarks  on  Dr.  Werner  Siemen's  Paper  on  Les  GSiemin 

de  Fer  Electriques       370 

Siemens,  Dr.  Werner,  Paper  on  Les  Chemin  de  Fer  Electriques      370 

Simple  and  Efficient  Lightning  Conductor,  Paper  by  J.  Gott          280 

Spagnoletti,  Letter  from,  regarding  Currents  produced  in  a  Wire  by 

Flowing  Water 277 

Spagnoletti,  C.  E.,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents     ...  87 
Spagnoletti,  C.  E.,  Bemarks  on  Lieut.  Cardew's  Paper,  On  the  Application 

of  Dynamo-Electro  Machines  to  Bailway  Boiling  Stock          115 

Smith,  Willoughby,  Paper,  A  lUsum^  of  the  Earlier  Days  of  Electric 

Telegraphy        312 

Smith,  Willoughby,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents      ...  81 

Smith,  Willoughby,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents     ...  105 
Stroh,  A.,  Bemarks  on  Mr.  Heaviside's  Paper,  On  Some  Experiments  on 

Induction  with  the  Telephone         28,  82 

Stroh,  A.,  Bemarks  on  Mr.  Lund's  Paper  on  a  Complete  System  of  Synchro- 
nizing by  Electric  Time  Signals     397 

Stroh,  A.,  Bemarks  on  Beport  upon  the  International  Exhibition  of  Elec- 
tricity in  Paris,  1881   426 

Synchronizing,  On  a  Complete  System  of,  by  Electric  Time  Signals,  by 

J.  A.  Lund         881 

Telegraphic  Photography,  by  Shelford  Bidwell         854 


484  INDEX. 

PAOS 

Telegraphs  in  Japan,  by  J.  Morris         187 

Telephone,  Some  Experiments  on  Induction  with  the,  by  A.  W.  Heaylside  21 

Thanks,  Vote  of ,  to  3iir.  Adams 110 

Thanks,  Vote  of ,  to  M.  Berger      809 

Thanks,  Vote  of,  to  Mr.  Bright 126 

Thanks,  Vote  of,  to  Mr.  BristowB 450 

Thanks,  Vote  of,  to  M.  Mercadier 858 

Thanks,  Vote  of,  to  W.  H.  Preeoe,  on  vacating  the  office  of  President  for 

the  year  1880 1 

Thanks,  Vote  of,  to  the  Honorary  Secretaries 451 

Thanks,  Vote  o^  to  the  Institution  of  Ciyil  Engineers         450 

Thermo-Electric  Neutral  Point,  Paper  by  Mr.  A.  Partz       173 

Transfer  of  Associates  to  Membership 809 

Transmission  Dynamometer  and  a  Portable  Absolute  Galvanometer,  Paper 

by  Professors  Ayrton  and  Perry      166 

Varley,  C.  F.,  Bemarks  on  Mr.  Adams'  paper  on  Earth  Currents 66 

Varley,  0.  F.,  Bemarks  on  Mr.  G.  L.  Fox  Pitt's  Paper,  On  the  Application 

of  Electricity  to  Lighting,  etc 198 

Varley,  C.  F.,  Bemarks  on  Mr.  W.  H.  Preece's  Paper  on  The  Electric  Storm 

of  January  Slst^  1881 98 

Varley,  G.  F.,  Paper,  On  a  Convenient  Form  of  Constant  Battery  of  very 

Small  Internal  Besistance     •« 452 

Varley,  C.  F.,  Bemarks  on  his  own  Paper,  On  a  Convenient  Form  of  Constant 

Battery  of  very  Small  Internal  Besistance  458, 469, 460 

Webber,  Lieut-Col.,  Bemarks  on  Mr.  8.  P.  V.  Luke's  Paper,  On  the  Con* 

struction  and  Working  of  a  Military  Field  Telegraph 268 

Whipple,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents  49 

Wilmot,  T.  J.,  Paper  on  a  Manual  Translator  and  Automatic  Double 

Current  Translator      67 

Winter,  G.K.,  Bemarks  on  Mr.  Adams'  Paper  on  Earth  Currents 92 

Winter,  G.  K.,  Bemarks  on  Lieut.  Cardew's  Paper,  On  the  Application  of 

Dynamo-Electric  Machines  to  Bailway  Boiling  Stock 116 

Wollaston,  Charlton*  Bemarks  on  Mr.  Adams*  Paper  on  Earth  Currents    50«  86 
Woodthorpe,  Colonel,  Bemarks  on  Mr.  S.  P.  V.  Luke's  Paper,  On  the  Con- 
struction and  Working  of  a  Military  Field  Telegraph 254 

Toshida,  M.,  the  Japanese  Electrician,   Memorandum  relative  to  the 

Specimens  sent  from  Japan  ...        • 144 


INBEX.  465 


ABSTRACTS. 


PAUS 

Artifloially  made  Body  which  shows  Polar  Attraction  and  Bepulsiony  On 

an,  by  W.  Holtz...        - 808 

Altenech,  F.  Ton  Hefner,  A  new  Dynamo  Machine  for  Ck)ntinaoai  Corrents  467 

Auerbach,  Felix,  Magnetic  Investigations       60 

Balance,  Electro-dynamic,  liy  H.  Helmholtz 465 

Bauer,  C,  New  Inyettigations  on  Magnetism 61 

Beetz,  W.,  Note  on  the  Nature  of  Galvanic  Polarisation      188 

Beetz,  W.,  On  Oalyanic  Polarisation     303 

Boltzmann*8  Method  for  Determining  the  Telocity^  of  an  Electric  Current, 

On^byE.H.HaU        ...        297 

Boltzmann,  The  Theory  of  Gkui  Friction          ... 295 

Oarbon,  The  Variation  of  tbe  Conductivity  of,  with  Temperature,  by  W. 

Siemens  ....       465 

Chemical  AflElninity  in  terms  of  Electro-motive  Force,  On  the  Determina- 
tion of,  by  C.  B.  Alder  Wright       287 

Clausius,  B.,  On  some  Bemarks  of  C.  Neumann  on  Electro-Dynamics     ...  807 

Currents  from  Polarised  Platinum  Plates,  On,  by  H.  Helmholtz    175 

Determination  of  Chemical  Affinity  in  Terms  of  Electro-motive  Force, 

On  the,  by  C.B.  Alder  Wright        287 

Determination  of  the  Ohm  in  Absolute  Measure,  On  the,by  LordBayleigh 

and  Arthur  Bhuster     290 

Differences  of  Potential  between  Fluids  in  Contacts,  by  Erasmus  Kittler. . .  805 

Dynamo  Machine,  A  New,  fbr  Continuous  Currents,  by  F.  Yon  Hefher- 

Alteneck 467 

Electric  Arc,  Temperature  of       466 

Electric  and  Magnetic  Effects  produced  by  the  Motion  of  Electrified 

Bodies,  On  the,  by  J.  J.  Thomson 298 

Electrified  Bodies,  On  the  Electric  and  Magnetic  Effects  produced  by  the 

Motion  of,  by  J.  J.  Thomson 298 

Electro-Magnet  of  Unusual  Size ^^  467 

Electro-motive  Force  of  Yarious  Zinc-Copper  Elements,  by  Dr.  F.  Fuchs  178 

EJiI.F.  of  Yarious  Cells  with  Zinc  as  Negative  Plate,  by  Carl  Fromme  ...  299 

Ezner,  F.,  Nature  of  Galvanic  Polarisation     181 

Bxner,  F.,  The  Theory  of  the  Galvanic  Cell     ^        180 

Ezner,  F.,  The  Theory  of  Yolta's  Fundamental  Experiment         180 

Experiments  on  the  Difference  of  Potential  of  two  Metals  in  Contact^  by 

BLPellat 68 

Frolich,  O.,  Transmission  of  Power  by  Dynamo  Machines 281 

YOL.  X.  34 


486  INDEX. 

P^GC 

Fromme,  Oarl,  E.MJP.  of  Yarioos  Celli  with  Zinc  as  Negative  Plate       ...  299 

FoohSi  Dr.  F.,  Electro-xnotiye  Force  of  Yarloiu  Zinc-Oopper  Elements  ...  178 

Galyanio  Polarisation,  by  W.  Beetz       SOS 

Hall,  E.  H.,  On  a  New  Action  of  Magnetism  on  a  Permanent  Electric 

Cnrrent   •••        ...        ...        •••        •••        „•        •••        •«•        •••       ...  297 

Hall,  B.  H.,  On  Boltzmann's  Method  for  Determining  the  Velocity  of  an 

Electric  Current          •••        •••        •••        •••        •••       •••        •••       •••  29S 

Helmholtz,  H.,  An  Electro-dynamic  Balance ^  466 

Helmholtz,  H.,  On  Onrrents  from  Polarised  Platinum  Plates         175 

Herwig,  H.,  On  the  Infloence  of  Temperatore  on  the  Phenomena  of  Oharge 

of  Fluid  Cell  acting  as  a  Condenser. 64 

Holtz,  W.,  On  an  Artificially  made  Body  which  shows  Polar  Attraction  and 

Bepulsion          • SOS 

Holtz,  W.,  On  the  Increase  of  Danger  from  Lightning,  and  its  Probable 

Causes     6S 

Hopkinson,  J.,  Note  on  Mr.  E.  H.  Hall's  Experiments         298 

Increase  of  Danger  fh)m  Lightning,  and  its  Probable  Causes,  On  the,  by 

TfaHoltz...   ...    ...    ...    ...    •••   •••   •••   •••   ...  6S 

Kittler,  Erasmus,  Differences  of  Potential  between  Fluids  in  Contacts    ...  305 

Lifting  Power  of  Magnets,  by  J.  Stephan         6S 

Magnet,  Electro,  of  Unusual  Size 467 

Magnetic  Investigations,  by  Felix  Auerbach 60 

Nature  of  Galvanic  Polarisation,  by  F.  Exner 181 

Neumann,  C,  On  some  Bemarks  of,  on  Electro^Dynamics,  by  B.  Clausins  807 
New  Action  of  Magnetism  on  a  Permanent  Electric  Current,  On  a^  by 

E.  H.  Hall          •••        •••        •••        •••        ...        •••        •••        •••        •••  297 

New  Investigations  on  Magnetism,  by  C.  Bauer         61 

Note  on  Mr.  E.  H.  Hall's  Experiments,  by  J.  Hopkinson       298 

Note  on  Mr.  F.  Exner's  Paper,  On  the  Theory  of  Yolta's  Fundamental 

Experiment,  by  F.  Shulze-Berge     188 

Note  on  the  Nature  of  Oalvanic  Polarisation 188 

Ohm,  On  the  Determination  of  the,  in  Absolute  Measure,  by  Lord  Bayleigh 

and  Arthur  Shnster     ^ 290 

On  an  Artificially  made  Body  which  shows  Polar  Attraction  and  Bepul. 

sion,  by  W.  Holtz        808 

On  a  New  Action  of  Magnetism  on  a  Permanent  Electric  Current,  by 

E.H.HaU          297 

On  Boltzmann's  Method  for  Determining  the  Velocity  of  an  Electric 

Current,  by  E.H.  Hall         296 

On  Currents  tnym  Polarised  Platinum  Plates,  by  H.  Helmholtz     175 


INDEX,  487 

PAOl 

On  the  Determination  of  Chemical  AfSnity  in  Tenns  of  Electro-motive 

Force,  by  O.B.  Alder  Wright  287 

On  the  Determination  of  the  Ohm  in  Ahsolute  Meainre,  by  Lord  Bayleigh 

and  Arthur  Shnster     290 

On  the  Electric  and  Magnetic  EfTectg  produced  by  the  Motion  of  Electrified 

Bodies,  by  J.  J.  Thomion       298 

On  the  Increase  of  Danger  fh>m  Lightning,  and  its  Probable  Causes,  by 

W.  Holtz 68 

On  the  Influence  of  Temperature  on  the  Phenomenon  of  Charge  of  a  Fluid 

Cell  acting  as  a  Condenser,  by  H.  Herwig 64 

On  Some  Bemarks  of  0.  Neumann  on  Electro-Dynamics,  by  B.  Clausius...    807 

Pellat^  H.,  Experiments  on  the  Diflbrenoe  of  Potential  of  two  Metals  in 

Contact •«        68 

Preliminary  Notes  on  Mr.  Hall's  Becent  Discovery,  by  Mr.  Bowland      ...    296 
Production  of  Electricity  by  Contact  of  Metals  and  Gases,  by  F.  Bhulze- 

Berge       188 

Bayleigh,  Lord,  and  Arthur  Bhuster,  On  the  Determination  of  the  Ohm  in 

Absolute  Measure       290 

Bowland,  Preliminary  Notes  on  Mr.  Hall's  Becent  Discovery        298 

Schulze-Berge,  F.,  Note  on  F.  Exner's  Paper,  On  the  Theory  of  Tolta's 

Fundamental  Experiment     188 

Bohulze-Berge,  F.,  Production  of  Electricity  by  Contact  of  Metals  and  G(ases  188 
Shuster,  Arthur,  and  Lord  Bayleigh,  On  the  Determination  of  the  Ohm  in 

Absolute  Measure        290 

SiemenSyW.,  The  Variation  of  the  Conductivity  of  Carbon  with  Temperature  60 

Btephan,  J.,  The  Lifting  Power  of  Magnets      68 

Temperature,  Influence  of^  on  the  Phenomenon  of  Charge  of  a  Fluid  Cell 

acting  as  a  Condenser,  by  H.  Herwig        64 

Temperature  of  the  Electric  Arc ...        ...        ... 

Theory  of  Gas  Friction,  by  Mr.  Boltzmann      296 

Theory  of  the  Galvanic  Cell,  by  F.  Exner         180 

Theory  of  Yolta's  Fundamental  Experiment,  by  F.Exner   ...       ^        ...  108 
Thomson,  J.  J.,  On  the  Electric  and  Magnetic  Effects  produced  by  the 

Motion  of  Electrified  Bodies 296 

Transmission  of  Power  by  Dynamo  Machines,  by  0.  FrOlich         281 

Variation  of  the  Conductivity  of  Carbon  with  Temperature,  by  W.  Siemens     60 

Wright,  C.  B.  Alder,  On  the  Determination  of  Chemical  AflSnity  in  terms 

of  Electrojnotive  Force       28f 


THE  SOCIETY 


TELEGRAPH  ENGINEERS 


AND  OF 


ELECTRICIANS. 


BST-AJBXjISHEZ)    1871. 


LIST   OF  OFFICERS  AND   MEMBERS. 


COBBECTBD  TO  MABCH  81,  1881. 


NOTICE. 

It  is  particularly  requested  that  any  change  of  Residence 
or  Address  may  be  communicated  at  once  to  the  Secretary. 


THE    SOCIETY   OF 


COUNCIL. -1881. 

Preddent. 

Pkopessor  G,  C.  FOSTEB,  F.R.S. 

Past-Presidents. 

CHAELES  WILLIAM  SIEMENS,  D.C.L.,  P.B.8.— 1872  and  1578 

PBANK  IVES  8CUDAM0RE,  aB:«1878. 

STB  WILLIAM  THOMSON,  LLJ).,  P.B.S.— 1874 

LATIMER  CLARK,  C.E.— 1876. 

C.  V.  WALKER,  P.R.B.— 1876, 

Professor  ABEL,  C.B.,  P.B.8.— 1877. 

L1EUT..C0L.  J.  U.  BATEMAN-OHAMPAIN,  BJL^1879 

W.  H.  PBEECE,  M.In8t.  CJJ.— 1880. 

Vice-Presidents. 

LiEUT.-CoL.  C.  E.  WEBBER,  RJI. 

WILLOUGHBY  SMITH. 

Promssor  W.  G.  ADAMS,  pIr.S 

C.  E.  SPAGNOLETTI,  M.  Inst.  O.E. 

Members. 


W.  S.  AlTDKEWS. 

William  T.  Ansell. 

Sm  Charles  Bright,  M.  Inst.  G.E. 

E,  B.  Bright. 

H.  G.  Ebichsen. 

H.  C.  FoRDE,  M.  Inst.  C.B. 


Colonel  Glover,  R.E. 
Professor  D.  E.  Hughes,  F.RJ3L 
Alexander  Siemens. 
Adgustus  Stroh. 
C.  F.  Varlet,  F.R.S. 


Associates. 

Lieut.  P.  Cardew,  R.E.  R.  E.  Cromptox. 

John  Fletcher  Moulton,  F.R.S. 

OPPICERS. 

Auditors. 

J.  Wagstaff  Blundell,  12,  Delahay  Street,  Westminster,  S.W* 

Frederick  C.  Danvers  (India  Office). 

Hon.  Treasurer.— Edward  Graves. 

Hon.  Secretary.— LiEUT.-CoL.  Frank  Bolton. 

Hon.  Solicitors. 

Messrs.  Wilson,  Bristows  &  Carpmael,  1,  Copthall  Buildings,  B.C.. 

Chairman  of  the  Editing  Committee.— Professor  W.  E.  Atrtov. 

Librarian.— Alfred  J.  Frost. 

Secretary.— F.  H.  Webb. 

Bankers. 

Messrs.  Cocks,  Biddulph  &  Co.,  43,  Charing  Cross,  S.W, 

Library  and  Offices  of  the  Society. 
4,  Broad  Sanctuary,  Westminster,  S.W. 


LOCAL    HONORAEY    SECRBTABIES   AND 
TREASUEERS. 


Jamis  Allbit, 

Telegraph  Saperintendent  Great   Southern 
Railway,  Baenos  Ayres 

Box  Josf  Apabicio, 

Calle  de  Yalgame  Dios,  2  pral^  Madrid 

John  Atlmkr, 

Civil  Engineer,  4,  Bae  de  Naples,  Paris 

C.  BUBTOK, 

Care  of  Don  David  Cronenbold,  Vice-Consul 
Brasilero,  Santa  Cruz  de  la  Sierra,  Bolivia. 

J.   M.   COLLKITB, 

Engineer  of  the  Netherlands  Telegraphs,  The 
Hague 

Oambs  Dakbbs, 

Manager,    Montreal     Telegraph    Company, 
Montreal 

Le  Commandeur  E.  D^Amco, 

Director.Qeneral  of  the  Italian  Telegraphs, 
Borne 

Faf  dIric  Dblabge, 

Engineer  of  the  Belgian  Telegraphs,  Brussels 

Stbphbn  D.  Field, 

California    Electrical    Works,    134,    Sutter 
Street,  San  Francisco 

N.  ISPOLATOPP, 

Director  of  Telegraphs  in  St.  Fetershurg 

C.  L.  Madsbk, 

49,  Norre,  Sogade,  Copenhagen 

J.   MOBBIS, 

Department  of  Public  Works  (Telegraphs), 
Tokio,  Japan 

C.  NiBLSEK, 

Director-General   of  the   Norwegian   Tele, 
graphs,  Christiania 

J.  B.  Pbbbcb, 

Indo  -  European    Government    Telegraphs, 
Shiraz 

E.  BOSENBUSCH, 

Mediterranean  Extension  Telegraph  Com- 
pany, Yaletta,  Malta 

Dr.  WsBNEB  Siemens, 

94,  Markgrafen  Strasse,  Berlin 

James  Sivbwbioht,  M.A.,  C.M.G., 

General   Manager  of  Telegraphs,  Cape   of 
Good  Hope 

F.  G.  Teale  (Acting  Local  Hon.  Sec.  and  Treasr.), 

Indian  Government  Telegraphs,  Calcutta 

G.  G.  Wabd, 

Gen.  Superintendent  of  the  Direct  United f  xrrk-o rmx  AiLrvT^Tn^ 
States  Cable  Company,  16,  Broad  Street  >*^""^^  AMEBICA. 
New  York 


ABGENTINE  BEPUBLIC 

SPAIN. 
FBANCE. 

BEPUBLIC  OF  BOLIYIA. 

The  NETHEBLANDS. 

CANADA. 

ITALY. 

BELGIUM. 

WESTEBN  AMEBIC  A, 

BU6SIA. 
DENMABE. 

JAPAN. 

NOBWAY. 

PEBSIA. 


MALTA  AND  THE 

MEDITEBBANEAK. 

GEBMANY. 

The  CAPE  AND  SOUTH 
AFBICA. 

INDIA. 


i- 


SOCIETY   OF 

Cekgrap^  ^nQtmtxs  verity  ai  (BhcixxcmnB. 


LIST    OF     MEMBERS, 

CORRECTED  UP  TO  MARCH  Slsr,  1881. 

t  Members  who  have  served  as  Vice-Presidents. 
*  Members  who  have  served  on  the  Council. 


HONORARY    MEMBERS. 

Sift   Oeorgk    Biddkl    Airy,   K.C3.,    Royal  Observatory,  Greenwich. 
D.G.L.,  LL.D.,  Astronomer-RoyaX, 

Gbhxral  Sir  Edward  Sabine,  B.A.,    13,  Ashley  Place,  Westminster,  S.W. 
K.C.B.,  D.CIi.,  LL.D. 

rEANK  IVES  SCUDAMOEE,  C.R  .   British  Post  Office,  Constantinople. 
(^Past  President.) 

pRonssoR  WiLHELH   WxBER,  F.B.S.    Gottingeu. 

Total  Number  of  Honorary  Memberi         .  .  «         4 


FOREIGN    MEMBERS. 

AinNXCK,  F.  Yon  Hejnbr        ,  .   94,  Markgrafen  Strasse,  Berlin. 

Amiot,  GusTATE     ....    iDg^nieur    des    T^l^raphes,   Chef  da 

Service    des     Cables    Sousmarins, 

Toulon. 

APABICIO,  DON  JOSE  .  .    Calle  de  Valgame  Dios,  2  pral.,  Madrid 

(Honorary  Secretary  for  Spain). 

Arerdrvp,  Gapt.  C.  H.    .  .  .   Eoyal  Danish  Engineers,  Copenhagen. 

Arise,  L.    •         •  .  .  .    Divisional    Inspector   of    Netherlands 

Telegraphs,  Utrecht. 

Atuhs,  Giorgi  W.  E.     .  .  .    Western    Union   Telegraph   Co.,   197, 

Broadway,  New  York. 


FOBEIQN  MEMBEBS. 


Bachilob,  Chablbs 

BaVNBUX,  JOSBPH   • 

Babon,  H.   • 
Batol,  Paul  • 

Bejam,  Don  Albjakdbo,  de 

Blavieb,  Edouabd 
Bolton,  Mabco  Antonio 

B0NTBMP8,  Chablbs 

BoOlCSMAy  A. 
BOUBVE,  C. 

Botle,  B.  K. 
Bbaax,  John  A.,  db 
Bbandao,  Dr.  M.  N. 

Bb^qcet,  H^  Senr. 
Bbievb,G.  • 

Bbindisi,  L. 

Bbix,  Dr.  Philip?  W. 
Bbooks,  Datid 

BUBTON,  CHABLE8,  A,I. 
(Honorary  Seerotwry  for 
of  Bolivia,) 


.    Menlo  Park,  New  Jersey,  U.8. 

.    Belgian  State  Telegraph  Departmenb 

Brussels. 
.    108,  Bae  de  Grenelle,8t.  Germains,  Paris. 
.    19,  Passage  Bosquet,  Paris. 

•    Sub-Director   of  Spanish    Tel^egraphs, 
Carthagena,  Spain. 

.    103,  Bue  de  Qrenelle,  St.  Germains,  Paris. 

.    Cia   del    Telegrafo,   Trasandino,   Val- 
paraiso, Obili. 

.    103,  Bue  de  Grenelle,  St.  Germains,  Paris. 

.    The  Netherlands  State  Telegraph  Office, 
Driebergen,  Holland. 

.    The  Montreal  Telegraphs,  Canada. 

.    63,  Fulton  Street,  New  York,  U.8. 

.    27,  Place  de  la  Madeleine,  Paris. 

.    Engenheiro  Gteral  das  Linhas  do  Norte, 
Bio  de  Janeiro,  Brazil. 

.    39,  Quai  de  PHorloge,  Paris. 

.    Divisional    Inspector    of    Netherlands 
Telegraphs,  BoosehdaaL 

.    Direction  des  Tt^ldgraphes  Helleniques, 
Athens. 

•    Engineer,  Imperial  Telegraphs,  Berlin. 

.    22,  South  Twenty-first  Street,  Phila- 
delphia,  U.8. 

C.E.  .    Care  of  Don  David  Cronenbold,  Vice- 

the  Repikblie         Consul  Brasilero,  Santa  Cruz  de  la 
Sierra,  Bolivia. 


Capanema,  Professor  Dr. 

Cabbxe,  Felix      « 
Cabdabblli,  Fbdblb 
Cabstbns,  p.  Booilaus     • 

COLLETTE,  J.  M. 

{Honored  Soortiaryfor  the 
NethorUmda.) 

COBOMINA,  Don  YlCBNTB 

Goubtbnat,  L.  W. 
CuBLi,  Gavino  B.  • 


Director-General  of  the  Brazilian  Tele* 
graphs,  Bio  de  Janeiro. 

103,  Bue  de  Grenelle,  Paris. 

Ispettore  Telegrafico,  Florence,  Italy. 

Boyal  Danish  Telegraphs,  Bonne,  Bom- 
holm,  Denmark. 

Engineer  of  the  Netherlands  Telegraphs, 
The  Hague. 

Director  of  Spanish  Telegraphs,  Madrid. 

45,  Bue  de  Luxembourg,  Paris. 

Ferro  Carril  de  Buenos  Ayres  y  Companaj 
Estacion  Compana,  Buenos  Ayres. 


FOBEIGK  M£MBEBS. 


D'AMICO,  M.  le  Commandeur,  E, 
(Honorary  Secretary  for  Italy,) 

Dbhms,  Dr.  Fe.     . 

Db  La.  Prbcilla,  ENRiqrc 

DELARGE,  FBlSDlfiBIC 

(^Honora/ry  Secretary  for  Belg- 

Dblajixld,  a.  Flotd 

D*Ikfrbyille,  Geosqb     . 

DwioHT,  H.  p. 


Director.General  of  the  lUlUan  Tele- 
graphs, Borne. 

Imperial  Telegraphs,  Constanz,  Baden. 

18,  Westend  Park  Street,  Glasgow. 

Engineer  of  the  Belgian  Telegraphs, 
item.)  Brussels. 

Koroton,  Cknmecticut,  U.S. 

Western  Union    Telegraph   Company, 
197,  Broadway,  New  York. 

General  Superintendent,  Montreal  Tele- 
graph Company,  Toronto. 


EcKERT,  Gen.  Thomas  T. 

Edison,  Thomas  A 
Eldik,  B.  E.  Tax  . 


Eters,  I.  C. 


President,  American  Union  Telegraph 
Com|Miny,  187,  Broadway,  New 
York,  U.S. 

Menlo  Park,  New  Jersey,  U.S. 

Divisional  Inspector  of  Netherlands  Tele- 
graphs, Yenlo,  The  Netherlands. 

Inspector  of  Bailway  Telegraphs, 
Utrecht^  The  Netherlands. 


Farmer,  Professor  Moses  G. 
Fr&hlich,  Dr.  Oscar 


U.S.  Torpedo  Station,  Newport,  B.I. 
94,  Markgrafen  Strasse,  Berlin. 


Galaittx,  Don  JosS 

Garat,  Don  Felix 

Garcia  del  Bsai^  Don  Fedbbtco 
GowER,  Frederic  A. 

Grace,  G.  H. 

GRAMACcnri,  Jules  H.  F.  . 

Gray,  Elisha 
guilleaums,  f.  c. 

Hamilton,  George  A. 
Hauti,  p.  p. 


Inspector  of  Spanish  Telegraphs,  Govern « 
ment  Department,  &ville. 

Director  of  Spanish  Government  Tele- 
graphs, vitoria. 

Director  of  Spanish  Telegraphs,  Madrid. 

Gower.Bell  Telephone  Company,  9,  Great 
Winchester  Street  Buildings,  E.G. 

Superintendent  of  Telegraphs,  Central 
B.B.  of  N.J.,  Easton,  Pa.,  U.S.A. 

Government    Telegraph    Department, 
Marseilles. 

Highland  Park,  Illinois,  U.S. 

Cologne,  Bhemsh  Prussia. 


Western  Union   Telegraph   Company^ 
197,  Broadway,  New  York,  U.S. 

Atlantic  and  Pacific  Telegraph  Company, 
145,  Broadway,  New  York,  U.S. 
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FOBEIGK  MEMBEBS. 


HnXARD,  GlOKOB  T. 

Himimusiif,  Jacob 


HxQUBTy  A. 

HoLST^  F.  L  C.  M.  • 

HoNCU,  Captain  Hsikrich 
HosKLiOy  Ck>loDel  Y. 


Great  Northern   Telegraph  ^Companj', 
Shanghai. 

Great  Northern   Telegraph  ^Company, 
Foochow,  China. 

1033^6  d®  Grenelle,  8t.  Germains,  Paris. 
Great   Northern  Telegraph  Company, 
Hong  Kong. 

Danish  Royal  Engineers,  Copenhagen. 
Danish  Boyal  Engineers,  Copenhagen. 


ISPOLATOFF,  NICHOLAUB  . 
{Honorary  Becretaryfor  Bustia,) 

Ibaxbola,  Don  Juan  Mabtin  di 
Ituxbiaga,  Don  ENBiquB 


Director  of  St.  Petersburg  Telegraphic 
St.  Petersburg. 

Director  of  Spanish  Telegraphs,  Bilbao. 
Director  of  Spanish  Telegraphs,  Madrid. 


Jablochkoff,  Paul 
Jaoxb,  T.  db 

Johnson,  Edvakd  H. 
Jonbs,  L.  Bioblov 


31,  Bne  d'Offemont,  Paris. 

Divisional  Inspector  of  Netherlands 
TeleffraphSf  Ijeeawarden,  The  Ne- 
therlands. 

United  Telephone  Conipany,  11,  Queen 
Victoria  Street,  E.C. 

Boston  and  Albany  Bailway  Company^ 
Allston,  Mass.,  U.S. 


KxLLOGO,  Moo  G. . 
KoLvio,  F.  • 


220,  East  Einzie  Street,  Chicago,  U.S. 

Great  Northern  Telegraph  Company, 
Nagasaki. 


LAComx,  Ekilx     • 
Ladd,  Gxobgx  S.   • 

Ijagabdx,  Josxfh  • 
liASABD,  Dr.  Adolphx 

IjAUCKXBT,  ED'WABD 

IjatoirbNi  S.        • 


Director  of  Telegraphs,  Constantinople. 

President  of  the  Gold  and  Stock  Tele- 
graph  Company,  San  Francisco. 

108,  Bue  de  Grenelle,St.  Germains,  Paris. 

German  Union   Telegraph   Company, 
Werder  Strasse,  Berlin. 

12,  Queen  Anne's  Gate,  Westminster. 
S.W. 

Great   Northern   Telegraph  Company, 
Copenhagen. 


FOBEIGK  HEMBEBS. 


liOBIT   BokLuIS 


LocKwooDy  T.  D. 


LopBz  Di  OcaoA,  Don  Antonio  . 

liOKINTZXN,  YaLDEIUB      . 

LtfDKRs,  His  Excellency  Gen,  Yon 


Sub-Director   of  Spftnish   Telegraphs, 
Madrid. 

American  Bell  Telephone  Company,  96, 
Milk  Street,  Boston,  Mass.,  U.S  JL. 

Inspector-General    of    Spanish    Tele- 
graphSy  Madrid. 

Boyal  Danish  Telegraphs,  Copenhagen. 

Director-General  of  the  Imperial  Bossian 
Telegraphs,  St.  Petersburg. 


MADSEN,  C.  L 

(Honorary  Secretary  for  Denmarlc.) 

Mabtial,  a.  Dx  Saint     . 
Maticabd,  G.  C.     • 

MKNIEByHSNEI 

HnxB,  B.  •  .  .  . 

MoLLKB,  C.  A. 

MONCXL,  Count  TUBODOBK  DU      . 
MONKIEB,  D.  •  .  . 

MooBB,  Geobgb  W. 
MoBA,  Don  Fbancisco     . 

MoBA,  Don  Obistss  de    • 

Mult  AD,  Cabl 


49,  Norre  Sogade,  Copenhagen. 

Secretary  of  the  International  Bureau^ 

Berne. 
1413,  G.  Street,  Washington,  U.S. 
7  Bue  du  Theatre,  Grenelle,  Paris. 
No.  1,  Boulevard  St,  Denis,  Paris. 

Great   Northern  Telegraph  Company, 
Nystad  (Finland). 

7,  Bue  de  Hambourg,  Paris. 

57,  Bue  Pigalle,  Paris. 

25,  Bue  des  Comediens,  Bnixelles 

Inspector  of  Spanish  Telegraphs,Govem. 
ment  Department,  Madrid. 

Director  of  Spanish  Telegraphs,Goyem- 
ment  Department,  £kixelona. 

Boyal  Danish  Telegraphs,  Copenhagen 


Nagej^  J.  H. 

Navabba,  w.  a     . 

Niaudbt,  Altbbd  . 

NIELSEN,  C.       . 

{Honorary  Secretary  Jor  Norway.) 

NiELSBN,  F.  C.  C.  . 


Netherlands    State 
Amhem. 


Telegraph    Office, 


Telegraph  Department,  Teheran,  Persia. 

6,  Bue  de  Seine,  Paris. 

Director-General    of    the    Norwegian 
Telegraphs,  Christiania. 

Great  Northern   Telegraph  Company, 
Copenhagen. 


ObdVna,  Don  Emilio 


Sub-Director   of    Spanish   Telegraphs, 
Madrid. 
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FOBEIGK  MEMBEBS. 


Pelleokiko,  Commander  Hbrico 
Petbbson,  £.  B.     . 

Petkksbn,  J.  A.  P. 

Pforden,  Fbederick  ton  des 

PissAiawsKT,  Nicolas     • 
Pope,  Frank  L.     . 
Prados,  Don  Julian  Alonza 
Prbscott,  George  B.       • 


Italian  Telegraphs,  Florence. 

Great   Northern  Telegraph  Company, 
Copenhagen. 

Great   Northern  .  Telegraph  Company, 
Godhy,  Aland. 

Eastern  Extension  Telegraph  Company, 
Batavia. 

18,  Bue  Zoamenskaia,  8t.  Petersburg. 

Elihabeth,  New  Jersey,  U.B.A. 

Director  of  Spanish  Telegraphs,  Madrid. 

Gold   and  Stock  Telegraph  Company, 
197,  Broadway,  New  York,  U.S. 


Bau,  Edouard 
Batmono,  L. 

Batnaud,  Jules    . 
Bedonet,  Don  Josf  de 

Bbntzch,  Feed.  John 

Befsolp,  J.  G. 

BOTUEN,  TiMOTHBUS 

bousseau,  a.  j.    • 
Bussbll,  Thob'wold  F. 


75,  Bue  d'Arlon,  Brossels. 

Director  of  Stores  and  Works,  103,  Bne 
de  Grenelle,  St.  Germains,  Paris. 

103,  Bue  de  Grenelle,  St.  Gerniains^Paris. 

Director  of  Spanish  Telegraphs,  Govern- 
ment Department,Santander,8pain. 

Eastern  Extension  Telegraph  Company, 
Banjoewangie,  Java. 

Engineer-in-Chief  of   the   Swiss  Tele, 
graphs,  Berne. 

Care  of  G.  F.  Bogers,  5,  Great  Win- 
chester Street  Buildings,  B.C. 

Great  Northern  Telegraph  Company. 


Santxan,  L.  J. 
Sargent,  W.  D. 


Salyatobi,  F. 
SoHAPFLER,  Otto    • 

SCHONHETDER,  Lieut.  SOPHUS 

schultz,  c.  a. 

Seligicann.Lui,  Gustave  p. 
Severn,  Henrt  A. 


Inspector  of  Dutch-Indian  Government 
Telegraphs,  Batavia. 

General  Superintendent,  The  Telephone 
Company,  1111,  Chestnut  Street, 
Philadelphia,  Pa. 

Italian  Telegraphs,  Bome. 

7,  Halhgasse,  No.  26,  Vienna. 

Boyal  Danish  Telegraphs,  Nykjobing- 
Paa-Falster,  Denmark. 

Great  Northern  Telegraph   Company, 
Shanghai. 

23,  Bue  Denfert-Bochereau,  Paris,    i 

Care  of  Messrs.  H.  S.  King  A  Co.,  65, 
Comhill,  E.G. 


FOEEIGN  MEHBEBS. 
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SIEMENS,  Dr.  WERNER 

{Honorary  Secretary  for  Germany,) 

SoLDAN,  Bon  Gaklos  Paz 

SoNNXy  Gael  C 


Spang,  H.  W. 
Stabhto,  William 

Stsarns,  J.  B. 
Stkaube,  Otto 

SusNSON,  Albert  • 

SunrsoN,  Capt.  Edward 

SUMlCKRSyC.  H. 

SwiNTARD,  Thomas 


94,  Markgrafen  Strasse,  Berlin. 

Lima,  Peru. 

Great  Northern   Telegraph  Gompanv, 
Shanghai. 

Reading,  Pennsylvania,  U.S. 

Director  of  the  Netherlands  Telegraphs, 
The  Hague. 

48,  Gordon  Square,  W.C. 

Telegraph   EDgineer,    No.    787,   Callo 
Cangallo,  Buenos  Ayres. 

Great  Northern  Telegraph  Company, 
Hong-Kong,  China. 

Great  Northern   Telegraph  Company, 
Copenhagen. 

Western  Union   Telegraph   Company, 
Chicago,  Illinois,  U.6. 

Managing  Director,  Dominion  Telegraph 
Company,  Toronto,  Canada. 


Tmssdee  Jules 
ToBLBE,  Dr.  Adolph 
Teaitt,  Laweincb  B. 

Teaitt,  Petee  Nicholas 


7,  Rue  du  Theatre,  Grenelle,  Paris. 

Federal  Polytechnic  School,  Zurich. 

Provincial  Telegraph  Department,  103, 
Calle  Cangalio,  Buenos  Ayres. 

Provincial      Telegraph      Department, 
Rosario,  Argentine  Republic 


UciLAT,  Don  Pascual 

UOAETE,  OlBOAEIO  Y. 


•    Director  of  Spanish  Telegraph8,Zaragcza. 

.    Inspector-General    de    los    Telegrafos 
Nacionales,  Buenos  Ayres. 


Yallejos,  Higinio,  Lieut.-Col.  • 

YAzqvsz,  Don  Feakcisco 

Yialb,  Le  Chevalier  Clemei«te  . 
YiANisi,  Le  Marc^uis  L.   . 


.    General  Manager,  Military  Telegraphs, 
Buenos  Ayres. 

•  Sub-Director    of    Spanish   Telegraphs 

Madrid. 

•  Italian  Telegraphs,  Florence. 
.    Messinn. 
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YioiL,  Don  Pkixitito 

VoGAL^  Gael 


FOBEIGK  1CEMBEB& 


Chef  de  Station,  Spanish  Telegraphs, 
Madrid. 

Inspector-General  of  the  Belgian  Pahlic 
Works,  Brussels. 

94,  Markgrafen  Strasse,  Berlin. 


WiSSK,  W.  J. 
WUNSCBSXD0KJ7,  JULIS  H. 


Sub-Birector  of  the  Government  Tele* 
graph  Office,  The  Hague. 

17,  Boe  Jeanne  d'Arc,  Bouen. 


ZmscHB.  Professor  Dr.  K.  £. 


Professor  of  Telegraphy,  Boyal  Saxon 
Polytechnicon,  Dresden^ 


ToUd  Nurnbtr  of  Foreign  Memhor$     • 


152. 


MEMBERS. 


ABEL,  Professor  C.B^  F.B.S. 
{Past  President.) 

ADAMS,  Professob,  W.G.,  P.B.S. 
{Vice-Presideni.) 

Adams,  M.  B.     . 

Ahsrn,  JOHX      .... 

ALLEN,  JAMES 

{Honorary  Secretary  for  the  Argentine 
B^pvibUc,) 

Anderson,  Sir  James    . 

Anderson,  Bichard^  F.C.S.     • 

•  Anderson,  S.,  Major,  B.B,  C.M.G.  . 
Andrews,  Thomas 

Andrews,  Tom  B.         .  .  . 

ANDBEWS,W.S.      . 

{Member  qf  Council,) 
ANSELL,  WILLIAM  T.       . 
{Member  of  CotmciZ.) 

•  Armstono,  B.  Y.,  Major,  B.E. 
Atkinson,  Dr.  E.,  F.C.S. 
AYLMEB,  JOHN,  Civil  Engineer  . 

(Honora/ry  Secretwryfor  France.) 

AYBTON,  Professor  W.  E.  . 

(jChairman  of  the  Editing  Committee.) 


Boyal  Arsenal,  Woolwich. 

Physical    Laboratory,  King's   College, 
W.C. 

Indian  Government  Telegraphs. 

The  Edison  Telephone  Co.,  15,  Cross 
Street,  Manchester. 

Telegraph       Superintendent,       Great 
Southern  Bailway,  Buenos  Ayres. 

66,  Old  Broad  Street,  E.C. 

B.  S.  Newall  A  Co.,  130,  Strand,  W.C. 

Horse  Guards,  Whitehall,  S.W. 

Anglo-American  Telegraph    Company, 
Brest. 

Manager  Indo-European  Telegraph  Com- 
pany, 18,  Old  Broad  Street,  E.C. 

66,  Old  Broad  Street,  E.C. 

Brompton  Barracks,  Chatham. 
Porteshury  Hill,  Camberley,  Surrey. 
4,  Bue  de  Naples,  Paris. 

68,  Sloane  Street,  S.W. 


*  Bailet,  John     .  .      ^  . 

*  Barlow,  Wuxiah  Henrt,  FJI.S. 

BATEMAN-CHAMPATN,  J.U., 
Lt.-Colonel  B  J:.  {Past  President.) 

*  Bell,  Andrew   •  .  .  . 
Bell,  Professor  A.  G.  • 

Bennett,  Alfred  Boslino 

Berbsford,  Charles  F.  C,  Capt.,  B.E. 
Betis,  a.  S.       •  •  •  • 

Betts,  J.  a.       •  .  •  • 


India  Buhher,  Gutta  Percha,  and  Tele- 
graph Works  Co.,  SilvertowD,  E. 
2,  Old  Palace  Yard,  S.W. 
49  and  50,  Parliament  Street,  S.W. 

Postal  Telegraphs,  Gloucester  Boad,N.W. 
Office  of  the  National  Bell  Telephone 

Company,  96,  Milk  Street  Boston, 

Mass. 

1,  Inverness  Villas,  Clova  Boad.  Forest 
Gate,  £. 

Chatham. 

Kurrachee. 

Inda  Bubler  Company, Silvertown, E. 
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TVrKMBERS* 


Bjrrrs,  J.  F.  H.  , 
Bioos,  C.  H.  W. 

BiNKETjW.P.    . 

Bird,  Edwaso  C. 
Bishop,  James  Dkaper 
Blissett,  T. 


Bohb,  Heinbick  G.  C.  . 

Bold,  £.  H.        . 

BOLTON,  FRANK,  Lt..Colonel    . 
(Honorary  Secretary,) 

*  Bordeaux,  John  .  •  •       . 

botbler,  b.       • 

Botle,  R.  Vicars,  CSX,  M.I.C.B.    . 

Briogs,  Jakes  A.  •  •  • 

BRIGHT,  Sir  CHARLES,  M.I.C;E. 
{Member  of  Council,) 

BRIGHT,  EDWARD  B, 
(Member  qf  CounciL) 

BRI8T0W,  G.  L. 

{Honorary  Solicitor.) 

Brittle,  John  Richard 
Broadbent,  J.  E.,  Capt.,  R.E. 
Brooke,  WiLLiAK  R.    • 


Brown,  E.  O.     . 
BroitoEjW.  J.  . 
BuLLBR,  Ernest  W.     . 
Burke,  J.  • 

Burt  Visconnt  .K,C.M.G. 


106,  Cannon  Street,  E.C. 

7,  Freeland  Road,  Bromlej,  Kent 

Eastern    Telegraph    Company,    Syra, 

Greece. 
Woodcot  Villa,  Tyndall's  Park,  Bristol. 
Shanghai. 

(Indian  Government  Telegraphs,  Cal- 
cutta) care  of  Messrs.  Grindlay  &  Co., 
55,  Parliament  Street,  8.W. 

Great  Northern   Telegraph   Company, 

Shanghai. 
Napier,  New  Zealand. 
4,  Broad  Sanctuary,  Westminster,  S.W. 

Suhmarine  Telegraph  Company,  Dover. 

Indian  Goyemment  Telegraphs,  Cal- 
cutta. 

Care  of  Grindlay  k  Co.,  55,  Parliament 
Street,  S.W. 

Jahalpur,  Central  ProTinces,  East  Indies. 

20,  Bolton  Gardens,  S.W. 

7,  Albemarle  Street,  Piccadilly,  W, 

I,  Copthall  Buildings,  E.C. 

Lawn  House,  Brockley,  Kent. 

Simla,  Punjab,  India. 

(Indian  Goyemment  Telegraphs,  Bom- 
bay),  care  of  Messrs.  King  &  Co.,  65, 
ComhiU,  E.C. 

Royal  Arsenal,  Woolwich,  S.E.  '^ 

Indian  Goyemment  Telegraphs. 

49,  Charlotte  Road,  Birmingham. 

Indian  Goyemment  Telegraphs. 

65  Princes  Gate  W. 


Cakning,  Sir  Sauxtsl,  CJB. 
Cappbl,  Albert  J.  L.  . 
Caroill,  W.  W.,  FJI.G.S. 
Carmicbail,  Sir  Jas.,  Bart. 


7,  Great  Winchester  Street  Buildings, 
Old  Broad  Street,  E.C. 

Deputy  -  Director  -  (General    of    Indian 
Goyemment  Telegraphs. 

Lancaster  Lodge,  Campden  Road,  Ken- 
sington, w. 

Submarine  Telegraph  Company,  Thread* 
needle  Street,  E.C. 


MEliBEBa 
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Carson/William,  M.  Inst.  O.E. 

Cecil,  Lord  Sacktuxb 

Chambrs,  Alan  E. 
Chaelxs,  G.  Q.  • 

•  Chauvin,  Gbosgb  von  , 

Clabk,  Edwin,  MJ.C.E 

CLABK,  LATIMEB,  M.I.C j:. 
(Pott  PfBsiderU,) 

CoLLBTT,  Richard 

Common,  A.  A.,  F.R.A.B. 

CoOKSy  CONBAD  W. 
C0WPEB,£.  A.     »  • 

Cbacrnbll,  E.  C. 


Whitecross  Wire  &  Iron  Co.,  Warring- 
ton, Lancaihire. 

The  Oaft  House,  Hayes  Common, 
Beckenham,  Kent 

Camera  Lodge,  South  Norwood,  6^. 

Indian  Goyermnent  Telegraphs,  Cal- 
cutta. 

Care  of  Messrs.  Siemens  Bros.  &  Co., 
12,  Queen  Anne's  Gat^  West- 
ndnster,  B.W. 

6,  Westminster  Chambers,  Westminster, 
S.W. 

6,  Westminster  Chambers,  Westminster 
S.W. 

19,  St.  Mary's  Boad,  Harlesden. 

68,  Eaton  Bise,  Ealing,  W. 

6,  Westminster  Chambers,  Victoria 
Street,  S.W. 

6,  Great  George  Street,  Westminster, 
S.W. 

Superintendent  of  Telegraphs,  Sydney, 
Australia. 

Brisbane,  Australia. 


Cbacknell,  W.  J. 
t  Cbawpobd  and  Baloabbbs,  Earl  of,    4ff,  Brook  Street,  W. 
PJl.8 


Obiswick,  Gbobob  S.   . 
Cromabtib,  D.  B. 

Croobbs,  William,  F.B.8.  • 
Cbosslbt,  Louis  J. 
Cbossman,  Lt-Col.  William,  B.E. 
CULBBBTSON,  Dr.  J.  N.  • 

t  CVLLBT,  E.  S.,  M.I.C.B. 


Boyal  Observatory,  Greenwich.- 

Indian   Government   Telegraphs,  Cal- 
cutta. 

7,  Kensington  Park  Gardens,  W. 

Moorside,  Hali&x,  Yoricshire. 

War  Office,  WhitehalL 

International  Bell  Telephone  Company. 

Maison  Colard,10  and  12,Marche 

au  Lait,  Antwerp. 

Saint  Martin's,  Weston-super-Mare. 


DAKEB8,  JAMES     . 
(Honorary  Seoretmyfof  Canada). 

Banibll,  Fbancis  T.  B. 

Dablino,  W.  C.  • 
Datids,  B.  G.  B. 

Db  Mabsac^  F.  B. 


Montreal  Telegraph  Company,  Montreal, 
Canada. 

Indo-European    Telegraphs,    Teheran 
Persia. 

Indian  Government  Telegraphs. 

Estrada  de  Ferro  Companhia  Paullsta 
Gampestina^  Brazil. 

Indian  Government  Telegraphs,Calcutta 
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M£HB£B8. 


BEKorOy  GiOMi  £. 
BispoiimEt,  F.  •  • 

BoiroTAir,  H.  C.  • 
Douglas,  Major.Qeneral,  B.A. 
DOUOLAS,  J.  C.    • 
DoTLx,  Jamxb  D. 

Deesihg,  Chkutian 


DUFFIK,  0. 
DUTHT,  J.  W.  B. 


.   LocklejB,  Welwyn. 

•  Babmarine  Telegraph  Oompan J,  Thread- 

needle  Street. 

•  Enderby't  Wharf;  East  Greenwich,  8JB. 
.   India. 

•  Indian  Government  Telegrapht. 

•  Victorian   Bailways,  Melboome,  Yie- 

toria,  Australia. 

.  Great  Northern  Telegraph  Company, 
119,  Bishopsgate  Street,  Within, 
B.C. 

.   Indian  GoTemment  Telegraphs. 

•  Indian  Government  Telegraphs. 


EcuoRD,  J.,  Major,  B.E. 

Edwaeds,  J.  B.  • 
Egoikgtok,  ALriXD 

Ellebt,  Jahks  Hbnst  • 


.    Indian   Government   Telegraphs,   CaU 
cutta. 

•  Postal  Telegraphs,  LiverpooL 

.   Eastern  Telegraph  Oompany,  Otranto, 
Italy. 

•  Lancashire  and  Yorkshire  Bailway  Co., 

Manchester. 


ELLEaT,BoBnTJ.L.,F.B.8.,FJl.A.S.  Government    Astronomer,   Melboonie, 

Victoria,  Australia. 


Ellis,  Wuliax,  F.B  JLS. 

EBIOHSEN,  H.  G.      . 
[Member  of  Council,) 

Estlkb,  Paul     . 


.    Boyal  Observatory,  Greenwich. 

.    Il9,  Bishopsgate  Street  Within,  E.C. 

•   Messrs.  Siemens*  Works,  Charlton. 


Evan8,Mobtuixb,0J:.,F.G.S.,F.B.A.&  Engineer  to  the  Wemyss  Bay  Bailway^ 

Wemyss  Bay. 


Fahie,  J.  J.        . 

FriNCH,B.  T.     .  .  .  , 

FIELD,  S.  D 

{Honorary  Soeretary  for   Weitem 
America,) 

FnZOEEALD,  DlSMOlTD  G. 

Flxxino,  J.  G.    • 


Flstchxb,  J.  W. 


Fukdbll^  B.  B. 
Flotd,  William  Hikrt 


Indo-European  Telegraph  Department 
Shiraz,  Persia. 

Indo-European  Government  Telegrapha. 

California  Electrical  Works,  134,  Sutter 
Street,  San  Francisco. 

6,  Akerman  Boad,  Brixton,  S.W. 

Superintendent  Government  Telegraphs, 
Perth,  Western  Australia, 

Telegraph    Department,    London   and 
p[orth  Western  Bailway ,Manchester. 
Indian  Government  Telegraphs. 

Bailway  Telegraph  Department,  Christ^ 
church,  New  Zealand. 


MEMBEBa 
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FOBDE,  H.  C,  MXC.E. 
(Member  qf  CounoU.) 

FonwBf  A.  UB  Nxn     • 

F08TEB,  PxorsBsom  G.C^  FjaJ9. 
iPreeident.) 

Fox,  St.  Gsobgb  Iia.nb  • 

F£AVCB,J.B.      •  • 

Fkasbb,  Oaptain  Ch4BI'Bs 

FuLUBB,  JOBK      . 

FuLUCBy  John  W. 
FuLLBRy  Thomas 
FUBZB,  Ed'wim    • 


6,  Duke  Street,  Adelphi,  W.O. 

East  Hill,  Wandsworth. 
12,  HiUdrop  Boad,  N. 

British  Electric  Light  Company,  Heddon 
Street,  Begent  Street,  W. 

3,  Bidgway  Terrace,  Dartmouth. 

Government    Telegraph    Department, 
Cape  of  Good  Hope. 

Newcastle  Wharf  Works,  Old  Ford  Boad, 
Bow,  E. 

Care  of  Messrs.  Case  and  Londonsack, 
1,  James  Street,  Adelphi,  W.C. 

Brazilian  Submarine  Telegraph  Co.,  8, 
Great  Winchester  Street,  E.C. 

Compania  Telegrafica  del  Bio    de   la 
Plata,  Buenos  Ay  res. 


Galton,  Gapt.  Douglas,  C.B.,  FJRB, 
Oaybt,  John      .  .  .  . 

Gaybt,JohkC.  •  .  .  • 

Gbehakdi,  Chablbs  a. 
Gilbbbt,  Edwabd 

Gill,  W.  J.,  Oaptain  B.E. 

OLABSTOifB,  Dr.  John  Hall,  F.B.S.  . 

GLOVEB,  T.  G.,  CoL,  B  JI.    • 
{Member  <^  Cornea.) 

Glotbb,  Waltbb  T. 

GODVBBT,  W.  B. 

GoLDsroNB,  Chablbs 

GOBDON,  C.  B.  B. 

GOSSBLDT,  G.  A.  . 


Gow,  D.  W. 
GoTT,  John 


12,  Chester  Street,  Grosvenor  Place,  S.W. 

Postal  Telegraphs,  Cardiff. 

United  Telephone  Company,  86,  Cole> 
man  Street,  £.0.    . 

106,  Cannon  Street,  E.C, 

Dundee  and  Arbroath  Joint  Bailway, 
Calcutta  Buildings,  Commercial 
Street,  Dundee. 

1,  Edinburgh  Mansions,  Victoria  Street, 
S.W. 

17,  Pembridge  Square,  W. 

Stapenhill,  Sydenham  Hill,  S.E. 

Moorhurst,  Eersal,  Manchester. 

54,  Begent*s  Park  Boad,  N.W. 

London  and  South  Western  Bailwaj, 
Southampton. 

Indian  Goyemment  Telegraphs,  Cal- 
cutta. 

Indian  Government  Telegraphs,  Co- 
lombo, Ceylon  (care  of  Henry  S, 
King  A  Co.,  East  India  Agents,  66, 
Cornhill). 

Eastern  Extension  Telegraph  Company, 
Port  Darwin,  South  Australia. 

French  Atlantic  Telegraph  Company, 
St.  Pierre,  Newfoundland. 
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MKnilpERS. 


GmANT,  Angus    . 

Gkatzs,  a.        .  .  . 

GBAYES,  E.    . 
{Honorary  Treaturer,) 

Gkayis,  James 

GsAT,  Hatthiw  • 
Gkat,  Bobxbt  K. 
Gbisnib,J.H.  • 
Gbebnhill,  Matthew  C. 
Gkoyss,  Giokos  £.,  Major,  B  J!. 

GuENZBi,  Ernst 


Montreal  Telegraph  Company^Montreal. 

14^  Priory  Stareet,  York. 

Postal  Telc^^raphs,  General  Post  Office^ 
E.C. 

Anglo-American  Telegraph  Company, 
Yalentia,  Ireland. 

106,  Cannon  Street,  E.G. 

St.  John's  Park,  Blaokheath,  QJl. 

14,  St.  Swithin's  Lane,  E.C. 

Brighton  Grove,  Busholme,  Manchester. 

28,  Collingham  Place,  Cromwell  Boad, 
S.W. 

Indo-European    Telegraph    Company, 
Tiflis,  Caucasus,  Bussia. 


Hall,  William  Hbnrt,  Capt, 

HaLPIN,  Capt.  BOBKBT  C. 

•  Hancock,  Waltbb 

Hare,  G.  J.        . 
Habyxt,  Fred.,  Capt.,  B.N. 

Harwood,  F.     . 

Hawkins,  Frederick    . 

Hatnes,  Frederick  T.  Iaoo 
Hbavisidb,  a.  W. 
Hbnsaqb,  F.  W.,  Capt,  B.E. 
Henley,  W.T.  . 
Hennebsro,  Otto 

*  HieoiNs,  Frederick     . 


,  B.N. 


MA.,C.E. 


Hill,  A.  D. 
Hill,  T.  0. 
*  HocKiN,  Charles, 

HOELTZER,  C. 

Hoofer,  J.  P. 
Houghton,  £. 

HouTux.BcHiNDLER}  General 


19,  Gloucester  Crescent,  Hyde  Park,  W. 
88,  Old  Broad  Street.  E.C. 

10,  Upper  Chadwell  Street,  Myddleton 

Square,  E.C. 
Indian  Government  Telegraphs. 

1,     Sparrows    Heme    Villas,    Bushey 
Heath,  near  Watford,  Herts. 

Eastern   Telegraph   Company,    Carca- 
vellos,  Lisbon. 

India  Buhber  and  Gutta  Percha  Com- 
pany, Silvertown, 

Great  Western  BaOway,  Taunton. 

Postal  Telegraphs,  Newcastle-on-Tyne. 

Bermuda. 

Chesterton  House,  Plaistow,  Essex. 

Neuenherger  Strasse,  Ko.  22,  Berlin. 

Exchange  Telegraph  Company,  17,  Com* 
hiU,  E.C. 

Indian  Government  Telegraphs. 

Indian  Government  Telegraphs. 

8,  Avenue  Boad,  St;  John's  Wood. 

Cambridge  House,  Old  Charlton  YiUage, 
Kent. 

Coventry  Park,  Streatham. 

London  Brighton  and  South  Coast  Bail- 
way  Company,  London  Bridge,  8.E. 

Albert  Inspector-General    of    Persian    Tele- 
graphs, Teheran. 


^EMBEBS. 
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Howe,  J. . 

HUGHES,  Pkofessob,  D  J).,  F  Jl.8. 
{Member  qf  Council,) 

HUBLBT,  EdWAKD  BuTLXE 

Hutchinson,  S.  H.  C.    . 
Hide,  H.,  Major-General,  B.E. 


Bjraziliap  Sabpiariiie  Telegraph  Com- 
pany, Pemambuco. 

Care  of  London  Joint  Stock  Bank,  69. 
Pall  MaU,  S.W. 

Colombo,  Ceylon. 

Indian  Goyemment  Telegraphs. 

India  Office,  Westminster,  S.W. 


Ibtinb,  a.  H. 


17,  Hamilton  Square,  Birkenhead. 


Jacob,  Fbank    .... 

James,  T.  E 

JAinzsoN,  Andbew,  C.E. 

Jenkin,  Fleeming,  Professor,  F.B.S., 
M.I.C.E. 

JJDTKIN,  JOBN      •  .  .  . 

Jebvois,  Sir  W.H.,Col.  B.E.,  K.C.M.G. 
C.B.      •  •  •  •  • 

Johnson,  J.  Thewlis 

Johnson,  Walteb  C.     . 

Johnston,  W.  P. 

Jones,  J.  C.  D.    . 

Jones,  T.  J.        . 


Jones,  W.  C.  Niosl 
Josephs,  S.  J. 
JuDD,  Walteb    . 


2,  Oakland  Villas,  Maryon  Boad,  Charl* 
ton,  S  J!. 

Government  Telegraph  Department, 
Melbourne,  Australia. 

Principal  of  the  Glasgow  Mechanics* 
Institute,  38,  Bath^Street,  Glasgow. 

8,  Great  Stuart  Street,  Edinburgh. 

Office  of  the  Engineer-in-Chief,  General 
Post  Office,  B.C. 

Goyemment  House,  Adelaide,  South 
Australia. 

Bradford  Iron  Works,  Manchester. 

King's  Garden,  Eltham,  Kent. 

Indian  (Government  Telegraphs. 

Eastern  Extension  Telegraph  Company, 
Singapore. 

School  of  Military  and  Submarine  Tele- 
graphy,  4,  George  Street,  Hanover 
Square,  W. 

Indian  Government  Telegraphs. 

Indian  Government  Telegraphs. 

Eastern  Extension  Telegraph  Company, 
Penang. 


Kaiseb,  E.  F.     • 
Kbith^  G^oboe,  C.E. 

^  KxMPE,  H.  B.    • 
KissiB,  W. 


94,  Markgrafen  Strasse,  Berlin. 

Cienf  uegos,  Cuba  (Care  of  the  Cuba  Sub- 
marine Telegraph  0>mpany,  61,  Old 
Broad  Street  E.C.) 

Postal  Telegraphs,  General  Post  Office, 
£.C. 

Messrs.  Elliott  Bros.,  101,  St.  Martin's 
Lane,  W.C. 
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MEMBEBS. 


Ladd,  W.  » 

Laistkb,  Jamis  • 

LiJfBBlT,  FkIKK 

Lanodok,  William 

Lake,  J.  H. 
IiANB,  J.  M.         • 

Labkin,  Thomas  J. 

Laskins,  a.  B.  • 

LaUOHLIN,  BOBUtT  C. 

Lavxndkb,  John 

La'ws,  J.  0.        • 
LXMON,  C. 
Lb  Mbsbibub,  F.  A.,  Major,  B  J!. 
*  LOBPILBB,  Lovis 

LoBBAiN,  Jambs  Gbicve 

LuBB,8.P.Y.    . 

Lund,  John  A.  . 
LuNDT,  Chablis 


•  Beak  Street,  Begent  Street. 

•  Postal    Telesrraphs    School,  Moorgate 

Street  Buildings,  E.C. 

•  7,  Pope's  Head  Alley,  Lombard  Btreet^ 

£.0. 

•  Saperintendent,  Telegraph  Department, 

Midland  Bailway,  Derby. 

•  Indian  Ctoyenunent  Telegraphs. 

.   Indian   Government   Telegraphs,  Cal- 
cntta. 

.   Imperial  Government  Telegraphs,  Eobd, 
Japan. 

.   Indian  Government  Telegraphs. 

.    Indian  Government  Telegraphs. 

.    5,  Carter  Street,  Boman  Boad,  Higher 
Bronghton,  Manchester. 

.  41,  St.  John's  Park,  Upper  HoUoway. 

.  Wellington,  New  Zealand. 

•  Aldershot. 

•  12,  Queen  Anne's  Gate,  Westminster, 

aw. 

.   9,   Victoria    Chambers,   Westminster. 
S.W. 

.   Indian  Government   Telegraphs,    Cal- 
cutta. 

.   41,  Comhill,  E.G. 

•  Direct  United  States  Cable  Company, 

Torbay,  Nova  Scotia. 


McGbath^E.  A. 
McLeod,  Professor  H.  . 

Maclean,  F.  G.  • 
Maclbanb,  C.  J.  H.     .  • 

Maitlato),  Jambs  M.  H.,  Lt.-Col.,B.E. 
MAQimrirT,  Akdbbw  T.  .         • 

♦  Malcolm,  E.  D.,  laeut.-Col.,  E.E.    . 
Mallock,  Lieut.-Col.  B  JS. 
Makob,  H.  C.     • 

Mabks,  C.  B.  D. 
HathibsoNi  Jambs 


Indian  Government  Telegraphs. 

The  Boyal  Indian  Engineering  College, 
Cooper's  Hill. 

Kurrachee. 

Indian  Government  Telegraphs. 

Aldershot. 

Telegraph    Department,     Wellington, 
New  Zealand. 

Clifton  House,  York. 

Indian  Government  Telegraphs,  Simla. 

Indo-European  Government  Telegraphs^ 
Kurrachee. 

Indian  Government  Telegraphs. 

India  Bubber  Company,  Silvertowiu 


HW  K  HB  K  |*j  i^p^. 
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Mates,  William  . 

MATin,  B.  0.,  Admiral,  B.N^  C.B.  . 
MoEtot,  Capt.  0.  A.    • 
MoGk>WAK,  Samuel  W. 

McGSKQOB,  WiLLTAM      . 

mxdoikgs,  w.  g. 

Hblhtjisb,  W.  F. 

Hmlyhxx,  W.  B. 
MrmLHAUSBN,  JuLiiis  . 

MOBSBLIT,  G.  J. 

M5LL,  F.  H.  L.  . 

MOBOAN,  G.  G.     • 

MOBBIS,  J.      . 

{Hon,  Bicretary  for  J<ipan,) 

•  MUIBBXAD,  Alexandeb,  Dt.  Sc^F.CS. 
MuiBHBAi),  John 
MUBBAT,  K.  L.  • 
MUBBAT,  B.,  Col.,  B.A. 

Naqlo,  Emil 
Nbale,  John 

Nelson,  Fbedebick  D.  « 

NBWiTr,W.  T.    . 

•  Newman,  G.  G.  . 
NoswoBTHT,  William  F. 


7,  Boll  Head  Lane,  Northampton. 

101,  Queen's  Gate,  Hyde  Park,  aW. 

18,  Adam  Street,  Adelphi,  W.O. 

Chief  Inspector  of  Telegraphs  and 
Postal  Service,  Melhoame,  Victoria, 
Australia. 

Indian  Government  Telegraph  Depart- 
ment,  Biver  View,  Dhuhri,  Lower 
Assam. 

Inspector  of  Telegraphs,  Christchurch, 
New  Zealand. 

Indian   Ck>vemment   Telegraphs,  Cal. 

cutta. 
Indian  Government  Telegraphs. 
40,  Upper  Maryon  Boad,  New  Charlton, 

sj:. 

Indian  Government  Telegraphs. 

Indo  European  Telegraph  Company,  18> 
Old  Broad  Street,  E.C. 

30,  King  Street^  Cheapside,  E.C. 

Department  of  Puhlic  Works  (Tele- 
graphs) Tokio,  Japan. 

Oakwood,  12,  Farquhar  Boad,  Upper 
Norwood. 

Oakwood,  12,  Farquhar  Boad,  Upper 
Norwood. 

Victorian  Bail  ways,  Melhoume,  Victoria, 
Australia. 

Calcutta. 


44,  Waldemar  Strasse,  Berlin. 

North    Staflbrdshire   Bailway,   Stoke- 
upon^Trent. 

Indo-European     Telegraph    Company, 
Teheran,  Persia. 

Eastern  Extension  Telegraph  Company, 
Elephant  Point,  Bangoon. 

2,  Holies  Street,  Cavendish  Square. 

Compafiia      Telegraflca      Suhmarina^ 
Monte  Video. 


Obach,  Dr.  EuQEN 
O'Ebllt,  H.  M.,  B.A.  . 


Messrs.  Siemens  Brothers  &  Company 

Charlton,  S.E. 
Indian  Government  Telegraphs,  Madras. 
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SIJBJbBESo* 


OpPINHKIMER,  JOSKPH    . 

OsMisTOXy  Fesderick  a. 

OVEXS,  J. 
OWEK,  H.  p.  . 


52,  Brown  Street,  Manchester. 

Cheveley  Villa,  Croydon  Grove,  Croy- 
don. 

Indian  Government  Telegraphf . 

Indian  Government  Telegraphs. 


Patxsson,  £.  J. . 

PXAKE,  J. 

Pell,  Bennett   . 

Pebet,  Professor  John 
Phillips,  Samuel  £.,  Junior 
Pitman,  C.  E.     . 
POEEITI,  T.  W.   . 


PEEECE,  JOHN  RICHARD 
(Honorary  Secretary  for  Persia.) 

PREECE,  W.  H.,  M.I.C.E.     . 
{Past  President.) 


St.  Panl's  Works,  76,  Little  Britain,  E.C. 

Indian  Government  Telegraphs. 

General  Manager,  Aastralian  and  China 
Telegraph  Company,  Singapore. 

14,  Talgarth  Road,  West  Kensington,W. 
Holbrook,  Shooter's  Hill,  Kent. 
Indian  Government  Telegraphs. 
Compafiia  Telegraftca  Platino-Brazilero, 
if  onte  Video. 

Indo-Enropean  Government  Telegraphs, 
Shiraz,  Persia. 

Gothic  Lodge,  Wimbledon. 


Eadclipfe,  Aethue  H.  W.      . 
RADCLiPfE,  James 

Bawson,  Herbert^  Lieut.,  r.K. 
Beade,  a.  J.  M. 
Beinolds,  Charles 

BhodeSjE.F.,  Lieut.,  R.E.    . 

Riddle,  Edward 

RiscH,  Gustav    .... 

BOQERS,  B.  W.  S.,  Lieut.,  E.N. 

B0SENBU8CH,  EDWARD  . 

{Honorary  Secretary  for  Malta  and 
the  Mediterranean.) 

BUTHERf  ORD,  J.  M.  . 


5,  Carrs  Lane,  Birmingham. 

Telegraph,  Department  Great  Northern 

Bailway,  Eetford. 
5,  Clifton  Terrace,  Monkstown,  Dublin. 
Indian  Government  Telegraphs. 

Indian  Government   Telegraphs,    Cal- 
cutta. 

Singapore. 

21,  Woodlands  Villas,  Blackheath,  aE. 

Belvedere    Cottage,  Lansdowne   Eoad, 
Old  Charlton,  S.E. 

H.M.8  "Euryalus,"  care  of  the  Post- 
master, Aden. 

Mediterranean     Extension    Telegraph 
Company,  Valetta^  Malta. 

Indian  (Government  Telegraphs. 


•  Sabine,  Bobert,  C.E. 
SacHi  Henry 


Grosmont  House,  Hampton  Wick. 

Great  Eastern  Railway,  Liverpool  Street 
Station,  E.C. 
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Salohohs,  Sir  Ditid,  Bart.,  B.A.     . 
Saxoeb,  Thomas  Hbnet 
Saundkbs,  H.  C. 

Savndkbs,  J.  B. 

Sautt,  C.  V.  de  . 

ScHKAMM,  Otto  .  .  .  . 

•    BCHWBNDLEB,  L.,  CJE,    . 

ScRATCHLET,  P.  H.,  Licut.-Col.,  B.E.  . 

Sharps,  Charles  J.      . 
Sheath,  Alfred 

t  SiEacENS,  Carl,  MJ.C.E. 


Broom  Hill,  Tanbridge  Weill. 

Postal  Telegraphs,  Dablin. 

Eastern  Telegraph  Company,  66,  Old 
Broad  Street,  E.C. 

Teignmonth. 

Eastern  Telegraph  Company,  Gibraltar. 

12,Qaeen  Anne's  Gate,Westmin8ter,8.W. 

Indian  Government  Telegraphs,Calcntta 

Public     Works      Office,     Melbourne, 
Victoria,  Australia. 

27,  Gt.  George  Street,  Westminster,  S.W. 

Telegraph   Engineer,  Auckland,  New 
2^and. 

Messrs.  Siemens  ft  Halske,  St.  Petersburg 

SIEMENS,  CHABLES  WILLIAM,    12,   Queen  Anne's  Gate,  Westminster, 
D.C.L.,    LL.D.,    F.B.S.       {Past  S.W. 

Pr»$xdent) 

SIElfENS,  ALEXANDEB    .  .    12,Queen  Anne's  Gate,Westminster,S.W. 

(^Member  of  Council.) 

SiMKiKs,  A.  B.  M.         •  •  .   Bombay  and  Baroda  Bailway  Companjr^ 

Amroli,  India. 

Simmons,  Sir  J.  Lixtorn,  Gen.,  B  JI.,   InspActor-General  of  Fortifications,  War 
G.O.B.  Office,  aw. 

•  SIYEWBIGHT,  JAS.,  M. A.,  C.M.G.  General  Manager  of  Telegraphs,  Cape  of 
(^Honorary  Secretary  for  the  Ca^e  and         Good  Hope. 
South  Africa.) 

The  Shrubbery,  Barbados. 

Eastern  Telegraph  Company,  Aden. 

Director  of  the  Indo-European  Govern, 
ment  Telegraphs,  Teheran,  Persia. 

Alcester,  Bedditch. 

18,  Wharf  Boad,  City  Boad,  N. 


Skutker,  W.  M.,  Captain,  B.E. 

Smith,  Benjamin 

Smtth,  B.  M.,  Lt-Colonel,  B.E. 


Smith,  Theophilus 

SMITH,  WILLOUGHBY     . 
{Vice  Preiident) 

Snell,  H.  .  .  .  .    Estrada  de  Ferro  de  Natal,  Natal,  Bio 

Grande  do  Norte,  Brazil. 

8PAGN0LETTI,  CX  .  .    G.  W.  BaUway,  Paddington,  W. 

(Viee-Preiident.) 

Spraoue,  J.  T.    .  .  .  .    315,  Green  Lane,  Birmingham. 

Stacet,  Charles  H.     .  .   Eastern  Telegraph  Company,  Aden. 

Sterne,  Louis   ....   9,  Victoria  Chambers,  Westminster,  8. W. 


.  Stifpe,  Arthur  W. 


Manora,  Hollington  Park,  St.  Leonard'i 
on-Sea. 


St.  John,  O.  B.  C,  Lieut.-Col.,  B  JI.,  Political  Officer,  Kandahar,  India. 
CSi 


Stocklet,  Lieut.-Col.,  B.E.    . 
Stotherd,  B.  H.,  Lieut.-Col.  B.E. 


Portsmouth. 

Bojral  Engineers'  Office,  Belfiut. 


8TB0H,  AUGUSTUS 
{Mwiber  of  Council,) 

BtXONS,  KtRLI  ^IflLB  . 


HEHBEBa 

.   98,  Haverstock  Hill,  N.W. 

.    15,  High  Road,  Knightsbridge. 


Talbot,  Fsank  P. 


Tanslet,  Edward 
Taylor,  Herbert,  C  J!. 

TEALE,  FBED.  G.     . 

{Acting  Honorary  Secretary 
for  India  J) 

Ternaitt,  a.  L. 

Terp,  Julius     .  .  .  • 

Thompson,  H.  E.  .  •     -     . 

THOMSON,  Sib  WILLIAM,  F.E.S. 
LL.D.    (Pose  President) 

Thornton,  M.  L.  E.     . 

TiCEHURST,  F.  G. 

TlETOEN,  C.  P 

Todd,  Charles,  G.  M.  U. 

Towers,  G.  L.   . 
Treuenpeld,  R.  Von  Fischer 

Trower,  M.  R 

•  Truman,  Edwin  Thomas 

TuBB,  H.  H 

TuRiYER,  H.  F.,  Major  RJE.    . 

Ttndall,  Professor  John,    LL.D., 
F.R.8. 


Telegraph  Superintendent,  Central 
Argentine  Railway,  Rosario  d« 
St^F^. 

Postal  Telegraphs,  Glasgow. 

7,  Pope's  Head  Alley,  OomhilL 

Indian  Government  Telegraphs,  Cal- 
cutta. 

2,  Boulevard  da  Mny,  Marseilles. 

Great  Northern  Telegraph  Company, 
Aberdeen,  N.B. 

Indian  Government  Telegraphs,  Alipore. 

The  University,  Glasgow,  N3. 

Indian  Government  Telegraphs^  Cal- 
cutta. 

The  Old  House,  Battle,  Sussex. 

Privatbanken,  Copenhagen. 

Director-General  South  Australian  Tele- 
graphs, Adelaide,  Australia. 

Indian  Government  Telegraphs. 

12,  Queen  Anne's  Gate,  Westminster, 
S.W. 

Care  of  Messrs.  Grindlay,  Groom,  &  Co., 
Bombay. 

23,  Old  Burlington  Street,  W. 

Post  Office,  Freemantle,  Southampton. 

Postal  Telegraphs,  Bristol. 

Royal  Institution,  Albemarle  Street,  W. 


VARLEY,  C.  P.,  FJa.B.,  MJ.C.E.    .  1,  Great  Winchester  Street  Buildings, 

{Member  of  CoundSL,)  Old  Broad  Street,  E.C, 

Varlet,  P.  H.   .          .          .          .  Mildmay  Park  Works,  Stoke  Newing- 

ton,  N. 

WALKER,  C.  v.,  F.R.S^  P.RA.S.,  Fern  Side,  Reigate  Hill,  Surrey. 
F.M.S.     (Pate  Trciidwi,) 

Walker,  E.  O.             .          .          .  Indian  (Government  Telegraphs. 

Walker,  Sidney  F.      .          .          .  Black  Boy  Yard,  Long  Row,  Nottingham 
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"Walsh,  John     . 


Walton,  H.  L    . 
Warbubton,  E.  C.        . 

Warp,  A.  B.      .  .     ^  • 

WABD,  G.  G 

{Honorary  Secretary  for  N,  America,) 

Warden,  W.M. 

•  Wrayer,  Henrt 
Wkbb,  E.  March 
Webb,  F.  C,  M.I.C.E. 

WEBBER,  C.  EDMOND,   Lt.-Col., 
BJJ.    {Vice-President,) 

Wells,  T.H 

•  Whitehouse,  E.  0.  Wildman 

WiESE,  W 


Williams,  W.    . 

Wilson,  William  I.,  F.C.S. 

Winter,  G.  K.,  P.RJLS. 
Winter;  William  Henry 
Wollaston,  Oharlton 


2,  Blanche  Villas,  Stretford,  near  Man- 
chester. 

Indian  Goyemment  Telegraphs,  Bombay 

Telegraph  Department,  Lancashire  and 
Yorkshire  Railway,  Manchester. 

Indian  Government  Telegraphs. 

Direct  United  States  Cable  Company, 
10,  Broad  Street,  New  York. 

Broad  Street,  Birmingham. 

Caton  Lodge,  Streatham  Hill,  Surrey. 

India  Rnbber  Company,  Silvertown,  E. 

Palace  Chambers,  Bridge  Street,  West- 
minster, S.W. 

Alvercliffe,  Gosport,  Hants. 

The  Anglo-American  Telegraph  Com- 
pany, 26,  Old  Broad  Street,  E.C. 

Down  Place,  Harting,  Petersfield. 

Indian   Government  Telegraphs,   Cal- 
cutta. 

Indian   Government   Telegraphs,   Cal- 
cutta. 

2^  Westwick  Gardens,  Shepherd's  Bush, 
W. 

Arconum,  near  Madras. 

Postal  Telegraphs,  General  Post  OfSce. 

9,  Great  Winchester  Street,  E.C. 


YouNO,  Sir  William,  Bart. 


Indian  Government  Telegraphs. 


Total  Nurnber  of  Mernbers 


389. 


ASSOCIATES. 


*  Adaxs,  Albx.  J.  S. 
Adamsov,  £.  W.  • 

Addison,  G.  W^  Lieut.,  E.E. 
AiED,  John 
Allan,  Pxrct    . 
Alldkn,  G.  H.    . 
Aldis,  Bobkbt  W. 
Allbn,  C.  £. 

Allbn,  J.  J. 
Almack,  Edward 
Almond,  Gkokqk  B. 

Anderson,  Jaiobs 
Andrews,  S. 
Arnold,  Gsorqe 
AscouGH,  T.  B.   • 
Ash,  William  H. 

AsHTON,  Edwin  . 


Postal  Telegraphs,  General  Post  Office. 

Sul]|iarine  Telegraph  Company,  East. 

•  %ean,  Eastbourne. 
War  Office,  Whitehall,  S.W. 
Belvedere  Boad,  Lambeth. 
Woodbury  Hill,  Loughton,  Essex. 
Forest  Lodge,  Shirley,  Southampton. 
Postal  Telegraphs,  Colchester. 

Indo-European  Government  Telegraphs, 
Bushire. 

Indian  Government  Telegraphs,Calcutta. 

King's  College  HospitaL 

Eastern  Telegraph  Company,  Candia, 
Crete. 

Eastern  Telegraph  Company,  Syra. 
Postal  Telegraphs,  G.P.O.,  E.C. 
Postal  Telegraphs,  G J».0.,  E.C. 
Postal  Telegraphs,  TelegraphStreet,£.C. 
Eastern    Telegraph   Company,   Porth- 
cumo,  Penzance. 

Postal  Telegraphs,  Cambridge. 


Bagnold,  Arthur  H.,  Lieut.,  B.E. 

Bailet,  J.  P.      . 
Bailst,S.  a       .  . 

Baines,  A.  £.     . 
Bambridgb,  G.  H. 

Banker,  S.  M.    . 

Barker,  Edward  B.     . 

Barry,  P.  P.       . 
Batsman,  Arthur  H.   . 
Batlt,  Brackenburt    . 
Batlt,  Bobbrt 


Junior  United  Service  Club,  Charles 
Street,  W. 

Anglo  -  American      Cable      Company, 

Heart's  Content,  Newfoundland. 
Eastern  Telegraph  Company,  Aden. 

Compagnie  Fran^aiRe  du  T^Ugraphe,  de 
Paris  It  New  York,  100,  Gresham 
House,  E.C. 

Avon  Villa,  Pellatt  Grove,  Wood 
Green,  N. 

Brazilian   Telegraph  Company,  Caixa 

Correio,  120,  Pemambuco,  Brazil. 
6,  Alfred  Street,  Cork. 
East  Greenwich,  S.E. 
Government  Telegraphs,  Cape  Town. 
Torr  Grove,  Plymouth. 
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Bazklxt,  Thomas 
BicKBrr,  J.  W.  . 
bxokinosalk,  eooas  willtam 
Bill,  Alsxandeb  Carltle 

Bblville,  William 
Bbn'bst,  Henrt 

Benkstt,  F.  W^  Lieut.,  E.E. 

BeMT,  WlLLLiM    . 

BBBSS70ED,  Jakes 

Berneb,  I.  0.  L. 

Beelt^  J. 

Bbswick,  J.  H.   . 

Bewick,  T.  J.,  C.E. 
Black,  Francis  Daniil 
Blaket,  Edwin  . 
Blackmore,  C,  Sergeant,  B.E, 

Blewett,  George 

BLUNDELL,  J.  WAGSTAFFE 
{Auditor.) 

Bolton,  F. 

Bolton,  Walter 

Bompas,  G.  C.     . 
BossE,  Karel,  p. J.S.    . 

BOSOMWORTU,  Wm. 

BoTHAM,  Arthur,  Serjeant^  E. 
Bottomlet,  J.  T. 

BOTTOMLET,  WiLLIAM      . 

Bottomlet,  W.  F. 
BousNi,  Bobert  0. 

Beadlbt,  Richard 
Beaxshaw,  T.  H. 
Brindisi,  L.       • 


.    Postal  Telegraphs,  Cardiff. 

.   Postal  Telegraphs,  Lancaster. 

.    Bedford  Park,  Tomham  Green,  W. 

.  Thames  Chambers^  12,  York  Buildings 
Adelphi,  W.C. 

.    Ferro  Carril  del  Sud,  Buenos  Ayres. 

.  West  Coast  of  America  Telegraph  Com- 
pany, 98,  Cannon  Street,  E.C. 

.   22,  Calvert  Boad,  East  Greenwich,  SJB. 

.  Messrs.  Bichard  Johnson  &  Nephew, 
Manchester. 

.  Great  Northern  Telegraph  Company, 
119,  Bishopsgate  Street  Within,  E.C. 

.  Compagnie  G^n^rale  d*Eclairage  Elec- 
trique,  16,  New  Bridge  Street,  E.C. 

.  Direct  United  States  Cable  Company, 
84,  Throgmorton  Street,  E.C. 

.    Haydon  Bridge,  Northumberland. 

.    Aske  Villa,  Heaton  Moor,  near  Stockport. 

.    Northern  Telegraph  Works,  Halifax. 

.  Indo-European  Government  Telegraph, 
Persia. 

.    17,  Osborne  Boad,  Tollington  Park,  N. 

.    12,  Delahay  Street,  Westminster. 

.  Eastern  Telegraph  Company,  Salonica, 
Turkey. 

.  22,  Athelstone  Boad,  St.  Stephen's  Boad, 
near  Bow,  E. 

.    4,Great Winchester  StreetBuilding8,E.Ci 

,   India  Bubber  Company,  Silvertown. 

.  8,  Broomfield  Terrace,  Chapel  Lane, 
Headingley,  Leeds. 

.   Postal  Telegraphs,  Portsmouth. 

.    The  College,  Glasgow,  N.B. 

.    2,  Eton  Terrace,  Billhead,  Glasgow. 

.  Messrs.  David  Moseley  &  Sons,  2  &  4, 
New  Brown  Street,  Manchester. 

.  General  Inspector,  Post  and  Telegraph 
Department,  Bowen,  Queensland, 
Australia. 

.    82 jVictoria  Terrace,  Ashton.ucder.Ly ne 

.   Eastern  Telegraph  Company,  Cjrprus. 

.  Direction  des  Telegraphes  Helleniques, 
Athens. 
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ASSOCIATES. 


BmpCKiB,  J, 
*  BBODne,  Couif 


BEOOKyAXBSlT   • 

BiooK,  Walteb  . 
Beowx,  James    . 
Bfiowif,  B.  T.      . 
Browne,  Henrt  V. 
BucKKiLLy  J.  T.,  Capt., 

*  BULLIVAITP,  W.  M. 

Bullock,  Thomas  A. 


BUTCHEB,  8. 


R.E. 


.   21,  Throgmorton  Street,  £.0. 

.   Priyate  Wire  Departmenty  Secretary's 

Office,  a^.o. 
•   Direct  United  States  Gable  Company, 

5a,  Old  Broad  Street,  £.0. 

.  Direct  United  States  Cable.  Company, 
58,  Old  Broad  Street,  £.0. 

.  Direct  United  States  Cable  Company, 
10,  Broad  Street,  New  York,  U  A. 

.  0,  Ciceley  Boad,  Hanover  Park,  Peck- 
ham,  S.E. 

.  Direct  Spanish  Telegraph  Company, 
Barcelona. 

.   War  Office,  Whitehall,  S.W. 

.   2,  London  Street,  £.C. 

.  Eastern  Telegraph  Company,  G0,  Old 
Broad  Street^  B.C. 

.  Indo-European  Telegraph  Department, 
Enrrachee. 


Campbell,  Edward 

CABDEW,  PHILIP,  Lielt., 
{Aisoeiate  Member  of  Counetl, 

Cabew,  W.  B.  H. 

Carlisle,  Henbt 

Carpenteb,  F.  H. 

Cars,  George  M. 
Carson,  J.  H.     . 

Cassbrlet,  S.  W.  LL.B. 
Cawood,  Keuben 

Challsx,  Peter  B. 

Cbambers,  John  Charles 
Cheesmait,  H.  G. 
Cheyallier,  C.    • 
Chevallibr,  Fielding  . 
Clapperton,  George    . 


.   Postal  Telegraphs,  Glasgow. 

H.E.    .    School  of  Military  Engineering,  Chat- 
)  ham. 

.    Eastern  Extension  Telegraph  Company, 
Banjoewangie,  Java. 

.   Eastern     Telegraph    Company,    Port 
Durban,  Natal 

.   Western  and  Brazilian  Telegraph  Com- 
pany, Maranham. 

.   Postal  Telegraphs,  Sunderland. 

.   Anglo-American  Telegraph  Company, 
26,  Old  Broad  Street^  E.C. 

.   7,  Crown  Office  Bow,  Temple,  E.C. 

.   3,  Park  Terrace,  Stevenson  Dsive,  Long, 
side,  Glasgow. 

.   Victorian  Posts  and  Telegraph  Depart- 
ment,Melboume,YictoriayAa8tralia 
.    Postal  Telegraphs,  Leeds. 
.    Eastern  Telegraph  Company,  Lisbon. 
.   Eastern  Telegraph  Company,  Aden. 
.   India  Bubber  Company,  Silyertown,  £. 

.   Direct  United  States  Cable  Company, 
16,  Broad  Street,  New  York,  U.S. 
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Clabki;  Btanlxt 

Clasks,     •,  Sergeant,  B  JI. 

CunuMT,  Adah  F. 
OuntiifTS,  G.  M. 
Clippebton,  Henrt 

cochkame,  w.  h. 

COCKBUSK,  A.  C,  P.CS. 

COLl,  0.  J. 

COLIMAir,  Alprxo  • 

COLLITy  BbNJAMIK  W.  . 

CoLLiiras,  Chables  £.  • 
Collins^  Ebbnbzeb 

COOPBB,  M« 

cobneb,  c.  b.    . 

Oox-Walkbe,  £. 

Cbabtbbb,  Geobqb 

Obahpton,  T.  Bussell,  MXC  J!. 

Cbillt,  John  Hahiltok 

Cboal,  T.  a.       • 

CbOFTON,  ESfWARD 

CBOMPTOK.  B.  E.     . 
(Aiiooiate  Member  of  Council 

Cvn,  John  C.    . 


.    Longden  House,   Well   Street,   South 
Hackney. 

Indo-European  Government  Telegraphs, 
Bhiraz,  Persia. 

,    North  British  Bailway,  Edinburgh. 

17,  Gresham  House,  E.G. 

>   Eastern  Extension  Telegraph  Company, 
Singapore. 

St.  Stephen's  Chambers,  Telegraph 
Street,  E.G. 

14,  Trebovir  Boad,  Earl's  Court  Boad, 
South  Kensington,  S.W. 

Eastern  Extension  Telegraph  Company, 
Bangoon. 

Inspector  of  Telegraphs,  Lancashire 
and  Yorkshire  Bailway,  Victoria, 
Manchester. 

Anglo-American  Telegraph  Company, 
St.  Pierre,  Newfoundland. 

Postal  Telegraphs,  Hymouth. 

Cape  Government  Telegraphs,  Murrays- 
burg,  Cape  Colony. 

Postal  Telegraphs,  GJP.C,  E.C. 

3,  Copthall    Chambers,   Throgmorton 

Street,  E.G. 

Messrs.  Harrison,  Cox- Walker,  ft  Co., 
Electricians,  Darlington. 

Eastern  Telegraph  Company,  Malta. 

4,  Victoria  Street,  S.W. 

Anglo-American  Telegraph  Company, 
Brest 

Postal  Telegraphs,  Edinburgh. 

2,  Dr.  Johnson's  Buildings^  Inner  Tem- 
ple, E.C. 

Mansion  House  Buildings,  E.C. 

Care  of  Bennett  Pell,  Esq.,  General 
Manager,  Australian  and  China 
Telegraph  Company,  Singapore. 


Dallas,  John     . 
Dallas,  Thomas  E. 

Dalt,  Hbnbt  de  Buboh 


.   21,  Alma  Square,  St.  John's  Wood. 
.   West  Coast  of  America  Telegraph  Com- 
pany, 98,  Cannon  Street,  E.G. 

.  Metropolitan  Surveyor's  OflSce,  G.P.O., 
4,  Adelaide  Street^  Charing  Cross, 
W.C. 
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ASSOCIATES. 


Daniel,  Louis  8. 

DANVER8,  F.  C.       .  . 
{Auditor.) 

Datixs,  Dayid    . 

Daties,  p. 

Daties,  Williax  Henbt 

Davis,  James  . 
Davis,  Joseph  . 
Dbarlovb,  Arthur  L.  . 

Dickenson,  Samuel  S.  . 

Dickenson,  W.  . 

DiESELHORST,  WiLBELM 

DoHERTT,  John  . 
Donald,  John  . 
Donaldson,  J.  . 
Douglas,  Sholto  McKenzik 
DowsoN,  Harold 
Draper,  George 

Draper,  John  H. 
Driver,  Qeorge 

DUBERLT«  F. 
DUBERN,  GbORQE 

DUCLOT,  JAcquEs  F.      . 

Duf7,  B.  • 

DuNBAB,  William 
Dunn,  Andbew  S. 

DUBBAN,  WiLLUM 

Dteb,  p.  W.      . 


.   Chief  Telegraph  Office,  Melbourne. 
.   India  Office,  S.W. 

.    The   Boyal    Polytechnic    lottitaticziy 
London. 

.   Anglo-American  Telegraph  Company, 
Yalentia,  Ireland. 

.    Exchange    Telegraph     Company,    17, 
Comhill,  E.C. 

.   61,  Tyrrell  Street,  Bradford,  Yorkshire. 

.    90  ft  92,  Crampton  Street,  aE. 

.    Care  of  Messrs.  Clark,  Forde,  ft  Co., 
7,  Pope's  Head  Alley,  Comhill,  B.C. 

.    Direct  United  States  Cable.  Company, 
Torbay,  Nova  Scotia. 

.    Anglo-American   Telegraph  Company, 
Heart's  Content,  Newfoundland. 

.   Messrs.  Siemens  Brothers  ft  Co.,Charlton, 

sj:. 

.   Postal  Telegraphs,  Manchester. 
.   Postal  Telegraphs,  Stranraer. 
.    Postal  Telegraplis,  Beading. 

.   Petersburg,  Penang,  Deli  Sumatra. 

.    47,  Boundary  Boad,  St.  John's  Wood. 

.    Secretary  Eastern  Telegraph  Company, 
ee.  Old  Broad  Street,  £.C. 

.   Finkle  Street,  Stockton-on-Tees. 

.    British  Telegraph  Works,  406,  Euston 
Boad,  N.W. 

.   Eastern  Extension  Telegraph  Company, 
Penang,  Straits  Settlement. 

.   Indian  Government   Telegraphs,   Cal. 
cutta. 

.   Submarine  Telegraph  Company,  Thread- 
needle  Street,  £.C. 

.    Goyemment    Telegraph    Department, 
Cape  of  Good  Hope. 

.   Inspector  of  Telegraphs,  Cape  Colony. 

•  Telegraph     Department,     Caledonian 

Bailway  Company,  Glasgow,  NA 

.   Eastern  Telegraph  Company,  Bombay. 

•  Postal  Telegraph  Stores,  Bolton,  Lanca« 

shire. 


Sable,  Edwabd 


Anglo-American  Telegraph  Company, 
St.  Pierre,  Newlbundland. 
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Eaxli^  Baxukl  A.        • 

ESBLyJuUUS       • 

Edkn,  Augustus 
Edgab,  Jahks    • 
Edhunds,  H^  Janr.     . 
EDWAsps,  J.  P. 
Elam,  Dr. 
Eluott,  Thomas 

Emmott,  Walter 

Emms,  E.,  Sergt-Major,  B  JS. 
Etans,  Frbdeuck  E.    . 
Etmses^F.  C.    • 


Anglo-American  Telegrapli  Company, 
St  Pierre,  Newfoundland. 

Compagnie  Fran^aise  da  T^tfgraphe  de 
Paris  k  New  York,  100,  Gresham 
House,  E.C. 

Postal  Telegraphs,  Edinburgh. 

Post  Office,  Wrexham. 

Heath  Villas,  Halifax. 

Qovemment  Telegraphs,  Cape  To^vn. 

75,  Harley  Street,  W. 

Engineer's  Department,  Postal  Tele- 
graphs, Hull. 

Northern  Telegraph  Works,  Halifax, 
Yorkshire. 

Temple  Gate,  Bristol. 

Postal  Telegraphs,  Birmingham. 

Nile  Cottage,  Wood  Street,  Woolwich, 
S.E. 


Falok,  D.  Anosi 
Falck,  a. 
Fabouss,  John 

FXBOUSON,  HXNET 
FlTTlNS,  p.  F.    . 

FixLD,  Charles  Leopold 
Fetloing,  Haj.-Gen.  the  Hon 
•  Fleetwood,  Charles  Thos. 

Fletcher,  Thomas 

Ford,  T.  . 

FORSHAWy  Altrrd  C.    • 

FOTHEROILL,  J.  W. 

FRANEUir,  James 
Fraseb,  Arthvr  J. 
Frasxr,  Johk    • 


.   Goyemmen t  Telegraphs,  Grahamstown , 
Cape  Colony. 

.    Great   Northern  Telegraph  Company, 
Gothenberg,  Sweden. 

.    Telegraph  Department,  Teheran,  Persia. 

.   Intelligence  Section,  Secretary's  Office, 
GJP.O.,  E.C. 

.   Direct  Spanish   Telegraph   Company, 
Marseilles. 

.   Upper  Marsh,  Lambeth. 

W,    .    23,  Brook  Street,  W. 

.   Post  Office   Telegraphs,  General  Post 
Office,  E.G. 

.    86,  Coleman  Street,  E.C. 

.   Postal  Telegraphs,  Bolton. 

.   Direct  United  States  Cable  Company, 
84,  Throgmorton  Street^  E.C. 

.   Anglo-American  Telegraph  Company, 
St.  Pierre,  Newfoundland. 

.    Bombay  and  Baroda  Bailway  Company, 
Bombay. 

.    14,  Buckingham  Street,  Charing  Cross, 
W.C. 

•  Direct  United  States  Cable  Company 
Bye  Beach,  U.S. 


sa 


ASBOCIATEB. 


PsAtn,  W.  J. 

FUHCBy  J. 

FfiBircH,  S.  B. 


FE08T.  ALPEBD,  J. 
(Li&rori<m.) 

Feost,  Abthub  0.         • 
Fbt,  J.  O. 

FULLBX,  GbOIGK 

Fulton,  0. 


Oallwit,  Eowaxd,  Lieat.,  B.' 
Gainzs,  M.  J.     • 

Gatkhousb,  T.    • 

Gkorqx^  Fbedxsick 

G1BB8,  Douglas  • 

GiBSoy,  Jaiixs    . 
Gibson,  John 

Grfobd,  F.  W.  . 

Gilhbspt,  Wh.  . 
Glbqg,  Albxandke 

GOOCH,  WlLUAX  D. 

Goodman,  H.  M. 
GooDSALL,  Captain  W. 

GoBDON,  Gboegi  Kbitb,  Lieut. 
G0THOBPB9  T.     • 


Graham,  Altbed 
Graham,  W.  J.  • 

GBANCTy  HbNBT  W.  YON 


B.N. 


Direct  United  States  Cable  Comj^anj, 
Bje  Beach,  U.S. 

Indian  Government  Telegraphs,  Bellaiy, 
India. 

Secretary's  Department,  Postal    Tele- 
graphs, General  Post  Office,  KG. 

6,    Westminster     Chambers,    Victoria 
Street,  S.W. 

Direct  United  States  Cable  Gompanj* 
122,  State  Street^  Boston,  Mass. 

19,  Qaeen*s  Park  Terrace,  Harrow  Boad, 
Paddington,  W. 

Newcastle   Wharf   Works,   Old    Ford 
Bow,£. 

Anglo-American  Telegraph  Company^ 
26,  Old  Broad  Street,  £.C. 


H.1LS. «  Vernon,"  Portsmouth. 

Anglo-American   Telegraph  Company, 
Duxbury,  Mass.,  U.S. 

7,  Foreign  Street,  Loughboro*  Junction, 

sj:. 

Deputy  Inspector.General  of  Egyptian 
Telegraphs,  Cairo. 

Eastern    Telegraph    Company,    Alex- 
andria, Egypt. 

Postal  Telegraphs,  Edinburgh. 

Eastern    Telegraph    Company,    Alex* 
andria,  Egypt. 

Indo-European  Government  Telegraphs, 
Shiraz,  Persia. 

Eastern  Telegraph  Company,  Cairo. 

Care  of  Messrs.  Bowen  A  Co.,  Pboaniz 

Foundry,  Mount  Pleasant,  Clerken- 

welL 

21,  Cooper  Street,  Manchester. 

Enderby's  Wharf,  East  Greenwich. 

17,  Bartlett's  Buildings,  Holbom  Circus, 
E.C. 

83,  Edwardes  Square,  Kensington. 

Direct  United  States  Cable  Company, 
Bye  Beach,  U.S. 

9,  Graces  Boad,  Camberwell. 

1,    White    House    Villas,    Woodland 
Terrace,  Charlton,  S.E. 

East  Indian  Telegraphs,  Batavia. 


A8SOCIIATE8. 


Gbaktills;  Williax 

GRATB8,  A. 


p. 


Okatss,  E.         .  .  . 

GaAT,H 

Grssichill,  J.  E. 

Gbxxb,  MaoGbsgob,  CaptaiD,  BJB. 

Gbskn,  G.  A.     •  •  • 

Grotss,  William 
GUBDOK,  W.  B.  . 


195,SontligateBoad,N. 

5,    Clarence    Place,    Olapton    Square, 
Lower  Clapton,  B. 

Indo-European  (Government  Teleg^phs, 
Teheran,  Persia. 

Indo-European     Telegraph    Company^ 
Teheran,  Persia. 

Downs  Park  Boad,  Clapton,  E. 

Postal  Telegraphs,  Walpole  Street,  New 
Cross,  S.£« 

Anglo-American  Telegraph  Company, 
Bnzbary,  U.S. 

89,  Bolsoyer  Street,  Portland  Place. 

The  Treasury,  S.W. 


Hackshaw,  T.     .   • 

Haokb,  C.  W.     . 

Hall,  Walter   . 
Hamilton,  Major,  B.E, 
Hamilton,  F.  A. 

Harbkn,  Alfbbi) 

Habbobow,  Hxnbt 
Habdwick,  W.    ^ 

Habgbaye,  J.  W. 
Habbison,  Hugh  E.,  B. 
Habbison,  B.  H. 
Habbison,  Thos. 

HA8DELL,H.D.    . 

Haskatne,  Henrt 

HA88ABD9H.  8.  . 

HSATH,  E.  F.       . 

*  HXAYISIDE,  O.       . 

HXNLET,  GkOBOE 

Hbbaghtt,  G.  J. 

HIBNI,  BOBXBT  • 


Sc. 


Indo-European    Telegraph    Company, 
Teheran,  Persia. 

Messrs.    Siemens,    Telegraph    Works, 
Woolwich,  S.B. 

6,  Pier  Boad,  Erith. 

Aldershot^ 

Anglo-American  Telegraph  Company. 
26,  Old  Broad  Stieet,  B.C. 

Highfield   House,   75,    Finohley   New 
Boad,  N.W. 

4,  Circus  Street,  Marylehone,  W. 

Indo-European  Government  Telegraphs, 
Persia. 

Postal  Telegraphs,  Carlisle. 
2,  Byng  Place,  Gordon  Square,  W.C. 
Highflelds,  Ware,  Herts. 
Postal  Telegraphs,  Newcastle-on-Tyne. 
Post  Office  Savings   Bank,  St.  Paul's 
Churchyard,  B.C. 

67,  Christopher  Street,  Burley   Boad, 
Leeds. 

66th  Begiment^  The  Barracks,  Beading. 

The  Beeches,  Norwich. 

8,  St.  Augustine's  Boad,  N.W. 

47,  Essex  Street,  Islington,  N. 

Eastern  Telegraph  Company,  Louren^o 
Marques,  Delagoa  Bay. 

Direct  United  States  Cable  Company, 
Bye  Beach,  New  Hampshire,  U.S. 

8 


ASSOCIATES. 


Hnsi,  Fksdkeick  £. 

HiwRTy  John  8. 

•  Hill,  Joopb  Tbipp 
Hill,  Thoxas    . 
HiLLumD,  AuGuvrus 

HllOOTTy  A.  S.    • 

HocKST,  Sergt.  8^  B^ 

H00KLST,T.T.   . 

HOOGIyB. 

HOLMBS,  GlOBGB 

HooKST,  Jamxs  . 
HooPBB,  8.  F.,  B.A. 

HVOGINB,  JaXBS 
HuKBLBy  GBOIOK 


Imbat,  Habold  . 

iBXINOBBy  FbBDBBICK 
ISXAT,  J.  •  • 


Jambs,  0. 8. 
Jambs,  J.  W.      . 
Jefibbt,  Jambs  • 

JOBSOlf,  HOWABD  C. 
JOBL,  H.  F. 
JOHNBTONB,  ThOMAS  Y. 

JoNBs,  John  Btmbb 

JOITBB,  W.  O.        . 
JOBDAK,  A.  A.     • 


•  Secretary  Eastern  Extemion  Telegraph 

Companj,  66,  Old  Broad  Street,  E.C. 

.  The  Indian  Goremment  Telegraph 
Dq^Htrtment. 

.   POftal  Telegraphs,  a J.O^  E.C. 

.   Postal  Telegraphs,Telegraph8treet»£.C. 

.  Marine  Hotel,  Tidal  Basin,  Victoria 
Dock. 

•  Direct  Spanish    Telegraph  Company, 

Bilbao. 

.  Indo-Eoiopean  Government  TeBegrsphs, 
Konar  Takhteh,  Persia. 

.  Indo-European  Telegraph  Department, 
Eurrachee. 

.  Western  and  Brazilian  Telegraph  Com- 
pany, Caiza  76,  Bio  Grande  do  Sol, 
BraziL 

.   Eastern  Telegraph  Company,  Malta. 

.  Postal  Telegraphs,  General  Post  Office, 
E.O. 

•  Tamworth  House,  DGtcham  Common, 

Surrey. 

.    Ferro  Carril  del  Sod,  Buenos  A3rres. 
.   Postal  Telegraphs,  Newcastle-on-Tyne. 


Sedgemere,  East  End,  Finchley,  N. 

Great  Northern   Telegraph  Company 

Hong  Kong,  China 
Postal  Telegraphs,  Liyerpool. 


Indian  Government  Telegraph  Depart- 
ment. 

Anglo-American  Telegraph  Company, 
Heart's  Content,  Newfoundland. 

The  Direct  Spanish  Tel^raph  Company, 
25,  Church  Street,  Falmouth,  Com- 
vraU. 

Dudley. 

44,  Lavender  Grove,  Dalston,  E. 

Persian  Gulf  Telegraphs,  Fao  Station. 

52,  Cornwall  Boad,  Westboume  Park,  W. 

17,  Bolton  Gardens,  South  Kensington, 
S.W. 

Western  and  Brasilian  Telegraph  Com- 
pany,  Bio  Grande  do  Sol,  Brazil. 


ASBOOIATEB. 


S5 


KiNKiT,  F.}  SergeantJiajor,  B.E. 

KSBBT,  0.  H.      . 
EiDD,  J.  C. 

KiLLINOBBGK,  WlLLIAX  A. 

Kino,  Josbph  T. 
Kino,  W.  P.,  FJLaE. 

KiNOSYOBD,  H.     • 
KlN08IAND»  Wm. 

KisBT,  Gboboe  J. 

Knioht,  H.  p.}  lieut.  B  J!.     . 


Postal  TelegraphBy  Walpole  Street,  Hew 
Cross,  8.E. 

Postal  Telegraphs,  Bristol. 

Indian   Goyenmient   Telegraphs,  Oal- 
cntta. 

W.  T.  Henley's  Telegraph  Works,  North 
Woolwich. 

Oompania  Telegraflco   del   Bio  de  la 
Plata,  Buenos  Ayres. 

Lonend,  Trinity,  Edinburgh. 

26,  Old  Broad  Street,  £.0. 

45,  Bentinck  Street,  Glasgow, 

Gape  Telegraphs,  Port  Elizabeth. 

Shaftesbury  Yill%  Brockhnrst,  Gosport. 


Lalondb,E.  L.  • 
Lanokan,  Alfbbd 
Lafhah,  T.  W.,  Serg.,  BJX 

Laubib,  E.  H. 
liAWsoN,  Ed.  G.  • 

liBOOAT,  E.  J.       • 

Lbqmann,  Chablbs 
Lbonabd,  W.     . 
Lbpbllet,  C.  a. 
Lbssbls,  David  • 
Loam,  John 
Logan,  Jambs  K. 
London,  Bobebt 
lofbz,  eustaob  j. 

LOYBT,  A.  FiBI  • 

LowB,  Thomas   • 


.   27,  Calvert  Boad,  East  Greenwich,  8  J!. 
.   Postal  Telegraphs,  Cambridge. 
.   8,  St.  Leonard's  Terrace,  Mount  Badford, 
Exeter. 

.    16,  Blandford  Square,  N.W. 

.  Superintendent,  Brazilian  Submarine 
Telegraph  Company,  St.  Vincent, 
Cape  de  Verde. 

.  The  Eastern  Telegraph  Company, 
Bona,  Algiers. 

.  Eastern  Extension  Telegraph  Company, 
Singapore. 

.  South  Eastern  Bailway  Telegraphs, 
London  Bridge. 

V  Submarine  Telegraph  Company,  Thread- 
needle  Street,  E.C. 

.  Care  of  Mr.  J.  Cowans,  Lispeotor,  Post 
Office  Telegraphs,  Glasgow. 

.  The  Indo-European  Telegraph  Depart- 
ment,  Jask,  Persian  Gulf. 

.  Inspector  of  Telegraphs,  Dunedin,  New 
Zealand. 

.  84,  Tyrwhitt  Boad,  Lewisham  High 
Boad,  New  Cross,  BJE. 

.  Indian  Government  Telegraphs,  Cal- 
cutta. 

.    20,  The  Common,  Woolwich,  S.E. 

.  8,  Great  Winchester  Street  Buildings, 
E.C. 


86 


ASB00IATE8. 


Lucas,  F.  B. 
Ltni,  0.  • 
Ly8tie,W.  G.    . 


.   Park  Lodge,  Herve j  Boad,  Kidbrocdc, 

.   Indo-European  GK>verDiiientTeiegrapii8y 
Persia. 

.  Post  Office,  Beading. 


HaoOluui,  J.  H« 

MaoBonkxll,  a.  0.,  Lieut.,  B JS.     • 
Maogesqob,  J.  OoLLuros,  Lieut.,  B^. 


Maokxnsik,  Jambs 

MaoWhibtib,  W. 

MoGaubak,  D.  J. 

MoKnnfBT,  Alexandbb 
McLban,  Jambs  .  . 

Main,  David 

Mabbham,  Thomas  Thobvhill 
Mabsh,  H. 
Mason,  Wiluam  B. 

JfATTHIAS,  B.       . 
Mat,  JosBPB       • 


MiCHABL,  Wm.  H.«  Q.C. 

MioBLB,  David  •  .  .  . 

MiDDLBTON,  J.  E. 

MuxBB,  Lbslib  B. 

Moll,  Oscab      .... 

MoBGAX,  Ohablbs  Amiss 

MOBBIBOX,  W.      •  .  .  . 

MOBBISON  6.  J^  CJB.  . 

MoBBisoN,  G.,  Beijeant-Mjuor,  B.E. 


Beaconsfield  Olub,  Marlborongh  (Hle^ 
PaU  Mall,  aw. 

Holwood  Houae,Thicket  Boad,  Annerlej. 

Oommanding  2nd  X}ompany,  Boyal 
Engineers,  Pnetoria,  Transvaal, 
South  Africa. 

48,  Osnaburgh  Street,  Begent^s  Park, 
N.W. 

Telegraph  Department,  Fumess  Bail- 
vay,  Barrow-in-Fuxness. 

Manager  Telegraph,  Office^  Albury^  New 
South  Wales. 

Postal  Telegraphs,  Manchester. 

2,  Ovington  Square,  aW. 

Direct  United  States  Oahle  Company, 
Ballinskelligs. 

102,  Fetter  Lane,  E.G. 

8,  Windsor  Terrace,  Buckland,  Dover. 

Telegraph  Department,Naga8aki^apan. 

Indo-European  T^^graph  Oompany, 
Persia. 

Telegraph  Oonstruction  and  Mainten- 
ance  Oompany,  Enderhy's  Wharf, 
East  Greenwich. 

4,  King's  Bench  Walk,  Temple,  E.G. 

,   Government    Telegraph    Department, 
Melbourne. 

Inspector  of  Telegraphs^  Tranakie, 
South  Africa. 


84,  Damley  Boad,  Hackney,  E. 

Direct  United  States  Oahle  Company, 
58,  Old  Broad  Street,  London. 

Postal  Telegraphs,  General  Post  Office. 

General  Post  Office. 

Care  of  Messrs.  Jardine,  Matheson,  ft 
Co.,  Shanghai. 

Postal    Telegraphs,    Victoria    Street, 
Bristol. 


MOULTON,    JOHN    FLETCHEB,  11,  King's  Bench  Walk,  Temple,  E.G. 


ASSOCIATES. 
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MuKmo,  John 

MUBPHT,  CHUtLlS  J. 

Mtoikd^  John    . 


4,  Montague  Boad,  West  Croydon. 

8,  Circus,  Tower  Hill. 

Great  Northern  Telegraph  Company, 
Kewcastle-on-Tyne. 


Katlob,  J.  £.  . 
KXXOHAM,  B.  J. . 

KlVITT,  F.  W.    . 

KiWBUBT,  Gsoaox  C. 

Kbwman,  a.  E.  . 

KSWNHAH,  W.  A. 
NiOOLSON,  Jaxss 
KuMN,  Thomas  William 

Oakshott,  a. 
Oatwat,  Abthub 

O'BOMNBLL,  C.  £. 

Ogo,  p.  William 
iyHAiBByJ.  M.  . 
Obchiston,  J.     • 


Postal  Telegraphs,  Leeds. 
Anglo-American  Telegraph  Company, 
Duxhury,  Mass.,  U.S. 

Direct  United  States  Cahle  Company, 

Torhay,  N.S. 
PobUI  Telegraphs,  General  Post  Office, 

E.C. 
Compaliia  Telegraflca  del  Bio  de   la 

Plata,  Monte  Video. 

Indo-European  (Government  Telegraphs 
Jask,  Persian  Gulf. 

Compafiia  Telegrafica  del   Bio   de   la 
Plata,  Monte  Video. 

8,  Stratford  Place,  W. 


Postal  Telegraphs,  Southampton. 
Postal  Telegraphs,  General  Post  Office, 

E.C. 
The    Indian    Government    Telegraph 

Department. 

11,   Barclay    Terrace,   Barclay   Boad, 

Leytonstone,  Essex. 
Government  Telegraphs,  Cape  of  Good 

Hope. 
Telegraph  Department,  Auckland,  New 

Zealand. 


Pagb,  Alfbid  8. 

Paob,  Chablbs  J. 

pABMrrsB,  Albebt 

Pabsonb,  E.  W. 

Pabsons,  The  Hon.  Bichabd 

Paul^A.J.E.  • 

Paul,  A.  L. 

Patbt,  Chablbs  H.  B.  • 

Pattbn,  Fbbdbbicc  a.  . 


India  Buhber  Company,  Silvertown. 

Enterprise  Estate,  Deli^enang. 

Postal  Telegraphs,  Gloucester. 

176,  Adelaide  Boad,  N.W. 

10,  Connaught  Place,  W. 

Eastern  Telegraph  Company,  Bona. 

16,  Kensington  Square,  W. 

The  Cedars,  Bickley. 

Care  of  Messrs.   Grindlay  &  Co., 
Parliament  Street,  S.W. 


65, 


38 


ASSOCIATES. 


Patn,  John  J. 
FKin)E£,H. 

Pebkins,  E.  J. 
pxnbosb,  coopbb, 
PeHrt.  F. 


!,  Lieut.,  E.E 


PffTEBS,  ALIBBD  . 

Petersen,  K. 
Pbttebson,  Oscar  F. 
Philipps,  W.  Bees 
Phillips,  0.  H.  • 

Pierce,  Edwin   . 

portelli,  bobert 
Porter,  Charles 

Price,  H.  N.  Blackwood 

Probert,  J. 

PoQET,  Colonel  Granville  W, 
Ptne,  Streb  Bolltchand 


.   Eastern  Telegraph  Company,  Maneillea. 

.    Care   of  John   Pender,  Eiq^  66^  Old 
Broad  Street,  E.C. 

.   The  Horse  Guards,  Whitehall,  aw. 

.   Anglo-American  Telegraph   Company, 
Heart's  Content,  Newfoundland. 

.    Western  and  Brazilian  Telegraph  Com- 
pany, Bahia. 

.    German  Union  Telemph  Company,  4, 
Werder  Strasse,  Berlin, 

.   Direct  United  States  Cable  Company, 
Torbay,  Nova  Scotia. 

.    Care  of  H.  Bees  Philipps,  Esq.,  M.A., 
India  Office,  S.W. 

.    16,    Greenwood    Terrace,    St    John's 

Church  Boad,  Hackney. 
.   9,  Crayen  Street,  Charing  Cross. 

.   Eastern  Telegraph  Company,  Malta. 

.   98,  Balfour  Boad,  Highbozy  New  Park, 

N. 

•   Eastern   Telegraph  Company,  Candia, 
Crdte. 

.   Postal    Telegraphs,    Moorgate    Street 
Buildings,  E.C. 

.   S4th  Begiment,  Ferozepore,  India. 

.    Indian   Government   Telegraphs,   Cal- 
cutta. 


Bathond,  Georoe 

Betnell,C.  H.  . 

Bich,  H.  B. 

Bichards,  a..  Sergeant  B.E. 
BicnARDSON,  Captain  A«  H. 

Bichardson,  H. 

BlEMENSCHNEIDER,  FrEDK.  W. 
BiPPON,  J. 

BoBERTS,  Martin  F.,  F.C.S. 
BOGBRS,  F.  M.     . 


C. 


.   Eastern  Telegraph  Company,  Tenedoo, 
Turkey. 

.   Brazilian  Submarine  Telegraph  Com- 
pany, Madeira. 

.   Indian   Government   Telegraphs^  Cal- 
cutta. 

.   Canterbury. 

.   Eastern  Telegraph  Company,  66,  Old 

Broad  Street^  E.C. 
.   Postal  Telegraphs,  Douglas,  Isle  of  Man. 

.   Great  Northern  Telegraph  Company, 
Libau,  Bussia. 

•   India  Bubber  Company,  Silvertown,  E. 

.   Postal   Telegraphs^   Gloucester   Boad, 
N.W. 

.   29,  Moorgate  Station  BuildingB,  E.C. 


ABBOGIATES. 


Bolls,  Edwabd  T. 
BoPE,  L.  W.       • 

Boss,  JOHK  • 

Boss,  Walter  O. 

BowE,  Thokas  • 

BusHTOKy  William  S.  . 
BussBLL,  Frank  • 


L.  &  S.  W.  Bailway,  Exeter. 

Anglo-American  Telegraph  Company, 
Brest. 

5,  Logie  Bank,  Lochie  Boad,  Dundee. 

West  India   and    Panama   Telegraph 
Company,  St.  Thomas,  West  Indies. 

Pointsman  Inn,  Whitelands  Boad,  Staly. 
bridge, 

(Jeneral  Post  Office,  B.C. 

5,  Trafalgar  Court,  Brighton. 


•  Sale,  M.  T.,  Capt.,  B.E. 
Saukbers,  J.  B.,  Junior 
Sax,  Julius 
ScAiVE,  James    . 

SoHAEFER,  Louis 
ScoTLAKD,  James 

Scott,  J.  H. 

SBimETT,  Altred  B. 
Shaw,  Major  W. 
Shepherd,  E.     • 

Shield,  Clipton 
Sborrocc,  L.     • 

Simmons,  Charles  J. 

Simpson,  George 

Simpson,  G.  P.,  B.Sc. 

Slater,  William 

Smibert,  George 
Smith,  A. 

Smith,  P.  J. 
Smrh,  John 
Smith,  Frederick 

Smith,  Joseph  Stanley,  CJE). 


6,  Albemarle  Street,  W. 

Messrs.  J.  B.  Saunders  &  Co.,  CardiflF. 

108,  Great  Bussell  Street^  W.C. 

Belay  Office,  Postal  Telegraphs,  Haver- 
fordwest. 

Eastern  Telegraph  Company,  Malta. 
Anglo-American  Telegraph  Company, 
St.  Pierre,  Newfoundland. 

Nutsford  Vale  Bope  and  Wire  Works, 

West  Gorton,  near  Manchester. 
Seacroft,  West  Worthing. 

Postal    Telegrwphs,    Moorgate    Street 

Buildings,  Telegraph  Street,  E.G. 
Beform  Club,  Pall  Mall,  S.W. 

Eastern  Extension  Telegraph  Company, 
Bolinao,  near  Manila. 

66,   Leverton    Street,  Kentish   Town. 
K.W. 

Indian  Goyemment  Telegraphs,  Man- 
nar, Ceylon. 

Messrs.  Siemens  Bros.  &  Co.,  Charlton 
Pier,  Woolwich. 

Western  and  Brazilian  Telegraph  Com- 
pany, Pard,  Brazil. 

Telegraph  Department^  Melbourne. 

Indo-European  Government  Telegraphs, 
Persia. 

The  Crescent,  Taunton. 

Inspector  of  Telegraphs,  Cape  Town. 

Caledonia  Iron  Worki^  Hali&x,  York, 
shire. 

Homefields,  Shanklin,  Isle  of  Wight. 


40 


ASSOCIATES. 


Smith,  A.  Toulmin 

SmTTHI,  JOHIf       . 

Speatt,  G.  O.     . 

Squikb,  J.  E.     . 

SqnnuBs,  Frederick 

BquiRBS,  Georoe 

Stacet,  George  B. 
Standford,  W.  . 
Starke,  Heicrt  . 

Steet,  G.  C,  P.B.C.S. 
Stevens,  Frederick  P. 
Steyenb,  Henry 
Stevenson,  Ed.  Alt. 

Stevenson,  George 

Stewart,  D. 
Stokes,  Henrt  L.  8. 

Stone,  William  H. 

Stout,  Bobert   . 
Straubi,  Albert  A.  L. 

Stringer,  E.  B.  . 
Strauss,  Frederic 
Stuart,  J.  B.  B. 

Sullivan,  Herbert  W. 

swemmbr,  b. 


.,  Selborne  Obamben,  Chancery  Lane. 

.   Yalentia,  Ireland. 

.  Eastern  Telegraph  Company,  Fortli. 
como,  Penzance. 

.  Eastern  Extension  Telegraph  Company, 
Hong  Kong. 

.  Anglo-American  Telegraph  Company, 
Brest. 

.  Anglo-American  Telegraph  Company, 
St.  Pierre,  Newfoondland. 

.    Eastern  Telegraph  Company,  Bomhay. 

.   Telegraph  Department,  Cape  Town. 

.  Government  Telegraph  Department 
Brisbane,  Queensland. 

.    130,  King  Henry's  Bead,  Hampstead. 

.   Port  Darwin,  South  Australia. 

•  Port  Darwin,  South  Australia. 

.  Telegraph  Construction  and  Mainten- 
ance  Company,  Enderby's  Wharf, 
East  Greenwich,  SJS. 

.  Eastern  Telegraph  Company,  Alex- 
andria, Egypt. 

.    Postal  Telegraphs,  Glasgow. 

.   15,  Hollywood  Boad,  West  Brompton, 

.  Department  of  Public  Works  (Tele- 
graphs), Tokio,  Japan. 

.    Postmaster,  Lerwick,  Shetland  Isles. 

.  12,  Queen  Anne's  Gate,  Westminster, 
S.W. 

•  31,  Graham  Street,  Eaton  Square,  S.W. 

.   Emden,  Hanover. 

.  French  Cable  Company.  North  Eastham, 
Cape  Cod,  Mass.,  U.8.A, 

.  Norfolk  House,  Westwick  Gardens, 
West  Kensington  Park. 

.  Government  Telegraphs.  KingWilliam's 
Town,  Cape  of  Good  Hope. 


Tanslet  William 
Tapp,  George  B. 

Tatlor,  Frank  A. 
Taylor,  Henrt  . 


Postal  Telegraphs,  Portarlington. 

18,  Queen  Margaret's  Grove,  Mildmay 
Park,  N. 

Eastern  Telegraph  Company. 

Western  and  Brazilian  Telegraph  Com- 
pany, Bio  de  Janeiro,  BraaoL 


ASSOCIATES. 
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TATLOBy  William  Gwooe 

Tbale,  "Walteb  . 
Thwaitks,  James 

Thxiler,  Bichard 
Thomas,  G.        • 

Thompson,  P.  O. 

Thokntox,  p.     . 

TiDDY,  William  N. 
Tilly,  G.  B. 

TONRINQ,  BiCHABD 

Topping,  P.  W. . 

Tbaniield,  p.  T. 

Tbippb,  C.  ♦ 

TuBB,  Albbbt    » 
Tuck,  W.  . 

Totpikld,  T.  8.  • 

Tunbbidgb,  W.  T, 

Tubnbb,  J.  H,   • 
Tubnbb,  W.       • 

Tylbb,  W.  J.     • 


Eastern  Extension  Telegraph  Company, 
Sydney. 

25,  St.  John's  Street  Road,  Clerkenwell, 
E.C. 

86,  Canonhury  Boad,  N. 

Brazilian  Suhmarine  Telegraph  Com- 
pany, Pernambuco. 

Direct  United  States  Cable  Company, 
63,  Old  Broad  Street,  E.C. 

Messrs.    Clark,    Muirhead   &    Co^    29, 
Begency  Street,  Westminster,  8.W. 

4,  George  Street,  Hanover  Square,- W. 

Eastern  Telegraph  Company  Gibraltar. 

2,  Calvert  Boad,  East  Greenwich,  S  J<. 

Direct  United  States  Cable  Company, 
Ballinskelligs. 

Anglo- Amencan   Telegrapa  Company, 
Valentia,  Ireland. 

Anglo-American  Telegraph  Company, 
Heart's  Content,  Newioundland. 

Postal  Telegraphs,  Southampton. 

Eastern    Telegraph    Company,    Suez, 
Egypt. 

Agencia  de  PEmpresa,  Telegrafo  Sub- 
marine, Arica,  Peru. 

London  and  North  Western  Bailway, 
Stafford. 

Postal  Telegraphs,  Cambridge. 

7,  Malpas  Boad,  Lewisham  High  Boad, 
S.E. 

106,  Gannon  Street,  E.C. 


Upton,  Hbkby   • 


C3,  Grey  Street,  Newcastle-on-Tyne. 


Venndt,  C.  p.    . 

YsBX  DE  Ykbb,  Abthub 

Yebney,  Captain,  B.K. 
Veset,  Abthub  H. 
Yolk,  Magnus  • 


Great  Northern   Telegraph  Company, 
119,  Bishopsgate  Street  Within,  E.C. 

Eastern  Telegraph  Company,  Constanti- 
nople. 

Bhianva,  Bangor,  North  Wales. 

Widford,  Hertfordshire. 

40,  Preston  Boad,  Preiton,  Brighton. 

4 
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ASSOCIATES. 


VyLE  SAUrEL 

Vtle,W.  W. 


Postal  Telq^ph?,  Middlesboro'. 
Postal  Telegraphs,  Manchester. 


Walduck,  Cuailles  E. 
Walker,  William  K. 
Waleond,  T.  C.  T. 

Wabner,  R.  a.  , 
Wabbew,  J.  D.  . 
Wabbex,  William 
Watkin,  Capt.,  II.A. 

*  Watson,  C.  M.,  Capt,  B.E. 
Weatheball,  T.  E. 

Weaveb,  a.  C.  M. 

WEBB,  F.  H.    . 

{Secretary.) 

Webber,  T.  B.  . 

Websteb,  J.  K.  , 

Weedon,  E. 

Weston,  Eobeiit  W.  Gtbbs 

White,  P.  H.     . 

Whitmobb,  Mortimer,  Lieut., 
Whitakeb,  J.  E.  . 

Whittingback,  C.  H.,  Sergt.,  B  JJ, 

WiQAN,  Gordon 
Wilde,  Edthn    . 
Wilkes,  Henbt  F. 
Wilkinson,  Henry  D.  . 

Williams,  A.  G.  • 

Williams,  J.      . 


148,  Gresham  House,  E.C. 

Rangoon. 

11,  Rockley   Road,  West   Kensington 
Park,  W. 

CassiUa,  No.  777,  Buenos  Ayres, 

1,  Harwood  Road,  Walham  Green,  S.W. 

Gteorge  Town,  Tasmania. 

Experimental  Branch,  Royal  Arsenal^ 
Woolwich. 

War  Office,  Whitehall. 

Telecraph  Construction  and  Maintenance 
Company,  Greenwich. 

Eastern  Extension  Telegraph  Company,. 
Singapore. 

9,  Bernard  Street,  Regent's  Park  Road, 
N.W. 

Telegraph  Department,  Great  Western 
Railway  Company,  Plymouth. 

Anglo-American  Telegraph    Company, 
Brest. 

Anglo-American  Telegraph   Company, 
Heart's  Content,  Meyrfoundland. 

Bervie  House,  Thurloe   Place,   Lower 
Norwood. 

Anglo-American   Telegraph  Company, 
St.  Pierre,  Newfounclland. 

B.E.  •   Postal  Telegraphs,  Bristol. 

»  Inspector   Lancashire    and    Yorkshire 
Railway,  Halifax. 

Indo-European      tJovernment,      Tele, 
graphs,  Sivand,  Persia. 

2,  Brick  Court,  Temple,  E.C. 

Postal  Telegraphs,  Doncaster. 

2,  Castle  Chambers,  Belfast. 

Eastern  Extension  Telegraph  Company, 
Penang  Straits  Settlement. 

Anglo-American  Telegraph  Company, 
Heart's  Content,  Newfoundland. 

Indo-European  Government  Telegraphs, 
Persia. 


ASSOCIATES. 
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WiLLHOT,  Joseph 
WiLMOT,  T.  J.     • 

Wilson,  C.  H.    . 

WiNDKLBR,  HlNET 
WlNTlBjC.  E.     ♦ 

Wisely,  G.  A.  K.,  Lieut.,  E. 
Wood,  Major  Alezandxb. 
Woodcock,  W.  ♦  » 

Woods,  Jambs  W. 

Wright,  Jambs  • 

Weight,  Thomas 


Postal  Telegraphs,  General  Post  Office, 
E.G. 

Direct  United  States  Cable  Company, 
Bye  Beach,  U.8. 

Eastern  Extension  Telegraph  Company, 
Hong  Kong. 

Anglo-American  Telegraph  Company, 
Yalentia,  Ireland. 

88,  Grosvenor,  Bath. 

Government  House,  Nicosia,  Cyprus. 

Abbey  Wood,  Kent. 

Anglo-American  Telegraph   Company, 
Heart'^s  Content,  Newfoundland. 

Engineering   Department  Postal  Tele* 
graphs,  Oxford. 

Messrs.  Siemens  Bros.,  12,  Queen  Anne'a 
Gate,  8.W. 

The     Eastern     Telegraph     Company, 
Malta. 


Yeatbs,  Horatio 


88,  King  Street,  Covent  Garden. 


Total  Number  of  Associates 


475 


STUDENTS. 


Andrews,  J.  B.  P. 
Babclat,  L.  B.      • 
Bbackett,  Arthur  Wm. 

Bavies^  Georox  L. 

Gee,  Basil  •  • 

Grindle,  Georox  A. 

Kennellt,  a.  E.    • 

liSWlS,  BOBBRT        • 

MsHRTENS,  John    • 


Scott,  Montagu  J. 
St.  Georoe,  a.  F.  • 


Latimer   Clark,  Muirhead,  &    Co-  29, 
Begency  Street,  Westminster,  S.W. 

83,  Culford  Boad,  Bownham  Boad,  Bal- 
ston,  K. 

21,  London  Boad,  Tunbridge  Wells. 
Eastern  Telegraph  Company,  Singapore. 

Enderby*8  Wliarf,  Greenwich,  S.E. 

Linden    Honiie,    Cambridge   Gardens, 
Notting  Hill,  W, 


Eastern  Telegraph  Company,  66,  Old 
Broad  Street. 


»  Canada  Villa,  Cambridge  Boad,  Anerley, 
Surrey. 


Percy   Cottage,  Pellatt   Grove,  Wood 
Green,  N. 


.    16,  Church  Bow,  Hampstead,  N.W. 
•   Montagu  Villa,  Bedhill,  Surrey. 


Total  nurnher  qf  Students 


11 


TOTAL  NUMBEB  OF  MEMBEBa 


Honorary  Members , 

►         •          •         • 

4 

Foreign  Members     , 

>          •          .    ,      • 

•       162 

Members 

•          •         • 

.       839 

Associates 

>         •          •         • 

•       475 

Students 

»         •          •         • 

11 

Total       . 

•       981 

BRITISH  DELEGATES  TO  THE  ELECTRICAL  CONGRESS. 

(Z^  io  daie  qf  publioation.) 


CRAWFORD  AND  BALCARRBS,  The  Babl  of,  P.R.S., 

Ohief  OonmilMlontr. 


Abkl,  Prof.  F.  A.,  F.R.S. 
Adams,  Prof.  W.  G.,  F.R.S. 
Atkton,  Prof.  W.  E.,  F.R.8 
Babrett,  Prof.  W.  F.,  F.R.S.B. 
♦Bbight,  Sir  Charles,  MJ.C.E. 
Cbookes,  W.,  F.R.S. 
Clabk,  Latimer,  M.I.C.B. 
Clifton,  Prof.  R.  B.,  F.R.S. 
Chrtstal,  Prof.  G.,  F  Jt.S.E. 
De  La  Eue,  Dr.  Warren,  F.R.8. 
Everett,  Prof.  J.  D.,  F.E.S. 
FrrzGERALD,  Prof.  G.  F.,  F.R.LA. 
Foster,  Prof.  G.  C,  F Jl»S. 
Gordon,  J.  B.  H.,  B.A. 
Gladstone,  Dr.  J.  H.,  F.R.S. 


Grates,  B. 
♦Hughes,  Prof.  D.E.,  F.R.S. 

HoPKiNSON,  Dr.  J.,  F.R.S. 

Jenkin,  Fleeming,  Prof.,  F.R.S. 

MouLTON,  J.  F.,  F.E.S. 

Preece,  W.  H.,  F.R.S. 

Smiih,  Willoughbt. 

Siemens,  Dr.  C.  W.,  F.B.S. 

Spottiswoode,  W.,  Pres.  R.  S, 

Stroh,  a. 

Spagnoletti,  C.  B.,  M.I.C.E. 

Thomson,  Sir  W.,  F.R.S. 

Varlet,  Cromwell,  F.R.S. 

Walker,  C.  V.,  F.R.S. 
♦Webber,  LieQt.-CoL,  C.  E.,  R.E. 


•  Oommissioner  for  the  Electrical  Exhibition. 


Honorary  Secretaries  to  the  Commission : 
In  Paris — ^Atlmbr,  J.,  C.B. 

In  London— Webb,  F.  H. 


General  Classification  of  Objects  in  the  Exhibition. 


GROUP  I.— PRODUCTION  OP  ELECTRICITY. 

Class    1. — Statical  Electricity. 

Class    2. — Batteries  and  Accessories. 

Class    3. — ^Magneto  and  Dynamo  Electric  Machines. 

GROUP  n.— TRANSMISSION  OP  ELECTRICITY. 
Class    4. — Cables,  Wire,  Accessories,  and  Lightning  Protectors. 

GROUP  m.— ELECTROMETRY. 
Class    5. — ^Apparatus  used  in  Electrical  Measurements. 

GROUP  IV.— APPLICATIONS  OF  ELECTRICITY. 

Class    6.— Telegraphic  Signalling. 

Class    7. — Telephonic,  Microphonic,  and  Photophonic  Apparatus. 

daes    8.— Electric  Light. 

Class    9. — ^Electric  Motors  used  in  the  Transmission  of  Power. 

Class  10. — Medical  Electricity. 

Class  11. — Electro-Chemical  Apparatus. 

Class  12. — Instruments  for  Measurement,  Electro-Magnets,  Compasses. 

Class  18. — ^Various  Apparatus. 

GROUP  V.—GENERAL  MACHINERY. 

Class  14. — Steam,  Gas,  and  Hydraulic  Motors  and  suitable  Transmitters 
for  Electric  Industries. 

GROUP  VI.— BIBLIOGRAPHY,  HISTORY. 

Class  15. — ^Bibliographical  Collections  of  Scientific  Works,  and  of  those 
referring  to  Electrical  Industries,  Plans,  Maps,  &c. 

Class  16. — Historical  Collections  of  Apparatus  used  in  the  early  investiga- 
tions and  in  the  oldest  applications  of  Electricity. 

A  2 


Explanation  of  Reference  Numbers  in  this  Guide  Book. 


"  7  and  3.    Gr.  L,  cL  8, 1444— Gr.  iv.,  cl.  8, 1608— Gr.  hr.,  cL  11, 1681. 

ANGLO-AMERICAN  BRUSH  ELECTRIC  LIGHT 
CORPORATION,  LIMITED, 

74,  Hatton  Garden,  London,  E.G."* 

Means — ^First,  that  ihe  Bmsh  Company's  exhibits  occupy  stalls  num- 
bered 7  and  3  in  this  Guide  Book,  and  may  be  seen  in  this  order  by  a 
visitor  following  the  route  indicated  in  this  book;  secondly,  that  they  are 
classified  under  group  i,  class  8,  in  the  French  Official  Catalogue,  and 
bear  the  number  1444  in  that  group  and  class;  that  they  are  also  classified 
under  group  iv.,  class  8,  bearing  the  number  1502  in  that  group  and  class; 
and  again  under  group  iv.,  class  11,  where  they  bear  ihe  number  1521. 


BRITISH  MACHINERY  SECTION. 

South  East  of  the  Electric  Railway  Station. 


The  namben  in  thU  Guide  Book  eommenee  at  the  £«at  end  of  the  British  Maehinerj 

Section. 


7  and  3.    Gr.  i.,  cl.  8, 1444    Gr.  iv.,  d.  8, 1602— Gr.  ir.,  oL  1 1, 1681. 

ANGLO-AMERICAN   BRUSH  ELECTRIC  LIGHT 
CORPORATION,  LIMITED. 

74,  Hatton  Garden^  London^  E.C. 

One  dynamo-electric  machine,  capable  of  workbg  40  «»  2,000  candle 
power  arc  lamps. 

One  ditto  16  =  2,000  ditto. 

One  ditto  a  single  light  of  6,000  candle  power. 

One  dynamo-electric  machine,  capable  of  working  8  lights  of  2,000 
candle  power  each. 

4  lights  of  8,000. 
„  2,000. 
„  150,000. 
„  50,000. 
„  8,000. 
„      1,500. 

One  plating  machine  and  about  100  assorted  arc  lamps. 
There  will  also  be  exhibited  a  dynamo  machine,  driving  about  200 
Lane  Fox  incandescent  lamps.    In  addition  to  the  abore  there  will  be  a 
collection  of  various  details  of  lamps,  carbons,  wires,  &c. 


One 

ditto 

4 

One 

ditto 

2 

One 

ditto 

1 

One 

ditto 

1 

One 

ditto 

I 

One 

ditto 

1 

6 
2.    6r.  iY.y  ol  8, 1616. 

J.    W.    SWAN, 

IN0ANDB8CBN0B  LAMPS  OF  VARIOUS  FOBMS  AND  WITH 
VARIOUSLY  ARRANGED  FITTINGS. 

SwaiCs  Lamp  consists  of  a  bulb  of  glass  (from  which  air  has  been 
almost  completely  exhausted)  containing  a  thin  filament  of  carbon,  which, 
when  an  electric  current  passes  through  it,  becomes  incandescent. 
This  exhibit  comprises  chandelier,  bracket,  and  table  lamps. 
Among  the  special  adaptations  of  this  lamp,  Mr.  Swan  exhibits : — 
The  miner's  lamp,  of  rarious  designs. 
The  diver's  lamp. 
Workshop  lamps. 
A  group  of  lamps,  arranged  for  signalling,  &c. 

3i  as  above. 

?and3.    Gr.v.,  d.  14.  * 

ROBEY  &  CO., 

Lincoln  and  117,  Cannon  Street,  London,  B.C. 

PATENT    ROBEY  FIXED   ENGINE  &  LOCOMOTIVE   BOILER 

COMBINED. 


One  20-h.p.  patent  ''Robey"  electric  light,  fixed  engine. 


DriTiiigthe 

maehines 

of  Messrs. 

Brush  at 

^  stands  No. 

lands, 

and  of 

Mr.  Swan, 

stand 

No.  2. 

This  engine  is  specially  designed  for  providing  economical  steam  power 
in  a  small  space.  We  would  direct  attention  to  the  way  in  which  the 
boiler  is  connected  to  the  engine  by  being  bolted  to  the  cylinder  only, 
and  carried  by  rollers  working  in  grooves  at  firebox,  and  ihus  relieving 
the  boiler  of  all  strain.    The  base-plate  is  formed  at  one  end  into  an  ash 


One  40-h.p. 

ditto 

ditto. 

One  25-h.p. 

ditto 

ditto. 

One  20-h.p. 

ditto 

ditto. 

One  16-h.p. 

ditto 

ditto. 

One  12-h.p. 

ditto 

ditto. 

One  12-h.p. 

ditto 

ditto. 

One  14-h.p. 

ditto 

ditto. 

pit  with  damper  doorS|  and  is  made  suitable  for  receiving  the  firebox  end 
of  tlie  boiloTi  the  other  end  of  which  is  carried  by  a  crutch-shaped  casting 
fixed  over  the  cylinders.  The  end  of  the  base-plate  under  the  cylinders 
is  formed  into  a  feed  water-heater  tank  into  which  the  cylinder  cock 
discharges  all  condensed  water,  and  into  which  a  portion  of  the  exhaust  is 
so  directed  as  to  heat  the  feed  water  to  nearly  boiling  point  before  going 
into  the  boiler.  The  whole  of  the  parts  of  both  engine  and  boiler  being 
included  on  one  foundation  or  base-plate,  heavy  and  expensive  foundations 
are  dispensed  with,  the  weight  of  the  boiler  and  its  contained  water  acting 
as  an  extra  weight  to  assist  in  keeping  the  whole  machinery  in  rigid 
position.  All  engines  are  fitted  with  patent  equilibrium  governors,  which 
are  admirably  adapted  for  working  in  connection  with  eleclric  light 
apparatus. 

4.    Gr.  iv.,  el.  9, 1517. 

LATIMER  CLARK,  MUIRHEAD  &  CO., 

Begeney  Street,  Westminster y*2jondon. 

Dr.  Hopkinson's  electro-magneto  machine  for  continuous  currents. 
Ditto  ditto  alternate  currents. 

6.    6r.  iv.,  d.  8, 1609. 

ROWATT  &  FYFE'S  ELECTRIC  CO.,  LIMITED, 

52,  Queen  Victoria  Street,  London,  E,C. 

Schuckert's  dynamo  machine. 
Two  Siemens'  D.2  machines. 

6.    Gr.  L,  cl.  8, 1448— Gr.  v.,  cl.  14, 1638. 

R.  E.  CROMPTON  &  CO., 

Are  Works,  Chelmsford. 

The  main  exhibit  is  a  compound  semi-portable  steam  engine,  con- 
structed by  Messrs.  Marshall,  Sons,  &  Co.,  of  Gainsborough,  to  speci- 
fication of  exhibitors. 

In  this  engine  the  desire  has  been  to  produce  a  design  free  from 
complication  and  to  obtain  great  regularity  of  strain  on  the  crank 
shaft  throughout  each  revolution,  and  at  the  same  time  get  the  advantage 
of  using  high  grades  of  expansion. 
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There  are  two  oylinders,  7  and  11|  dia.,  both  thoroughly 
jacketted.  The  high  pressure  cylinder  has  a  slide  yalve,  the  cut  o£E  of 
which  is  controlled  by  a  Hartnell  governor,  similar  to  those  used  on  their 
simple  engines  in  all  their  permanent  installations. 

The  engine  can  be  started  when  all  circuits  are  closed  (and  consequently 
considerable  power  is  required)  by  opening  a  small  yalve  and  thus  admitting 
the  steam  direct  from  the  boiler  to  both  cylinders ;  after  the  engine  gets 
well  under  way  this  valve  is  closed  and  the  engine  works  compound.  With 
this  engine  at  Paris  it  is  expected  to  work  twelve  lights  on  four  BUrgia 
Machines,  with  a  consumption  of  40  lbs.  of  Welsh  coal  per  hour,  in  other 
words  the  exhibitors  hope  to  obtain  a  light  of  1500  candles  per  hour  for 
expenditure  of  each  lb.  of  fuel.  They  are  showing  ycmr  BUrgin  Dynamo* 
Electric  Machines.  The  first  two  are  of  their  ordinaiy  pattern,  the 
armature  being  wound  with  .057  wire.  The  magnets  .141  wire.  The 
total  internal  resLstance  of  he  machine  being  2.16  ohms.  The  E.  M.  F. 
at  1550  revs,  per  minute  is  200  volts.  Three  arc  lights,  nominally  4000 
candles  each,  can  be  burned  in  series. 

The  third  machine  is  wound  with   same  wire    on  magnets,  but  •. 
.065  wire  on  armature.    Its  E.  M.  F.  is  160  volts.    Two  very  laige  arc 
lights,  50  per  cent,  larger  than  those  named  above,  can  be  burned  in  series, 
or  sixty  Swan  lamps  can  be  burned  in  three  series  of  twenty  each. 

The  fourth  machine  is  wound  with  similar  wire  to  the  first  named,  but  V 
has  ten  rings  instead  of  eight,  and  consequently  has  a  collecting  cylinder 
with  sixty  divisions.     This  machine  drives  from  four  to  ux  arc  lights  of 
equal  power  to  those  first  named.    The  E.  M.  F.  is  800  volts. 

7.    Gr.  i.,  d.  8, 1446. 

BRITISH  ELECTRIC  LIGHT  COMPANY, 

Heddon  Street^  Regent  Street,  London, 

Gramme  machines  of  various  new  types,  giving  variable  currents 
according  to  requirements. 

Various  apparatus  for  use  with  above. 

fl.     Gr.  v.,  d.  14. 

THE   DOWSON   ECONOMIC  GAS  CO.,  LIMITED, 

3,  Great  Queen  Street,  Westminster,  London. 

This  exhibit  represents  an  apparatus  for  making  cheap  gas  suitable  for 
gas  engines,  which  can  drive  dynamo  and  other  machines.    After  several 
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triab  witih  Bome  of  Messrs.  Grosdey's  di-h.p.  (nominal)  ''Otto*'  gas 
engines,  it  has  been  proved  that  by  nsing  this  gas  the  actual  consumption 
of  coal,  after  allowing  10  per  cent,  for  waste  and  impurities,  is  1.4  lbs. 
per  indicated  h.p.  per  hour.  The  total  cost  of  this  gas,  including  wages, 
&C.,  and  when  made  on  a  comparativelj  small  scale,  is  under  one  shilling 
for  the  equivalent  of  1000  c.f.  of  ordinary  coal  gas  which  usually  costs 
Ss.  to  48.  The  cost  can  be  still  further  reduced  when  the  gas  is  made  on 
a  large  scale.  This  gas  has  been  in  use  over  two  years  for  several 
manufacturing  processes,  and  the  above  figures  as  to  cost  have  been  fully 
confirmed.  The  exhibitors  shew  also  models  of  their  apparatus  in  the 
General  British  Section.    The  inventor  is  Mr.  J.  Emerson  Dowson,  C.E. 

9.  Gr.  i,  d.  8, 1449. 

W.  T.  HENLEY, 

North  Woolwich,  London. 
One  vertical  dynamo  electric  machine. 
Two  horizontal  dynamo  electric  machines. 

10.  Gr.  v.,  a  14, 1644. 

WALLIS  &  STEVENS, 

North  Hanti  Iron  Works,  Basingstoke, 
A  semi-fixed  steam  engine,  with  patent  governor  gear  for  adjusting  the 
speed  while  in  motion  to  any  desired  point.     An  invaluable  addition,  as 
the  speed  require^  to  give  the  best  light  varies  constantly  with  the  state  of 
the  atmosphere  and  the  adhesion  of  the  belts. 

11.  Gr.  v.,  cl.  14, 1640. 

RANSOMES,  HEAD,  &  JEPPERIES, 

9,  Oracechurch  Street,  London,  and  Ipswich. 

Messrs.  Ransomes,  Head,  &  JefEeries,  of  the  Orwell  Works,  Ipswich, 
and  9,  Gracechuroh  Street,  London,  who  have  devoted  considerable 
attention  to  the  manufacture  of  steam  engines  specially  adapted  for 
driving  electric  light  machines,  exhibit  the  following,  namely : — 

1.  lO'h.p.  Semi-Portable  Engine,  with  multitubular  boiler,  patent 
automatic  governor  expansion  gear,  with  all  usual  fittings,  specially  adapted 
for  driving  dynamo-electric  machines.  This  engine  is  of  the  same  type 
as  the  one  employed  for  driving  the  electric  light  on  the  Thames  Embank- 
ment, London. 

1.  H  eizCf  6-A.p.  Vertical  Engine^  with  patent  automatic  governor, 
expanuon  gear,  and  usual  fittings.    This  type  of  engine  is  used  on  board 
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Bteamen,  and  is  arranged  to  drive  he  dynamo  machine  by  geanng  instead 
of  belting,  although  a  plain  flywheel  oan  be  used  when  preferred. 

12.    Or.  T.,  d.  U,  1648. 

'       THOMSON,  STERNE  ft  CO.,  LIMITED, 

The  Crown  Iron  Worhi,  OUugow ; 

10,  Victoria  ChamberSt  Westmimter^  London^  S,W.;  and 

10,  Rue  LaffiUe,  Paris. 

CLERK'S  PATENT  GAS  ENGINE. 
In  Clerk's  patent  gas  engine  an  ignition  is  made  at  every  revolutloxi 
instead  of  one  ignition  at  every  two  or  more  revolutions,  as  is  usual  in 
existing  gas  engines;  the  power  is  therefore  much  greater  for  the  size  of  the 
engine.  By  a  special  and  simple  arrangement  all  tendency  to  back  ignition 
is  avoided,  and  the  engine  may  be  worked  up  to  its  full  available  power 
without  a  tendency  to  irr^ularity.  It  is  much  steadier  than  ordinary  gas 
engines,  and  therefore  better  suited  for  dynamo  electric  purposes.  It  is 
extremely  simple,  and  has  no  gearing  wheels  of  any  kind.  The  pressure 
necessary  on  the  ignition  slide  is  very  low,  as  the  ignition  port  is  smalL 
There  is  thus  no  liability  of  the  valve  to  cut  up  or  possibility  of  absorbing 
power. 

14.    Gr.  v.,  cl.  14, 1687.     . 

PETER  BROTHERHOOD, 

56,  Compton  Street^  London^  E.C.,  and  10,  Eue  LaffiUe^  Parii. 

One  Brotherhood  S-eye  engine,  driving  a  No.  5  Brusb  dynamo-electric 
machine. 

One  Brotherhood  d-eye  engine,  driving  a  pair  of  Dr.  Siemens' 
dynamo-electrio  nuichines. 

One  Brotherhood  3-eye  engine,  driving  a  pair  of  C.  T.  Gramme 
dynamo-eleotrio  machines. 

75.     Gr.  v.,  cl.  14. 

A.  FIQDES, 

LewivLS  Mead^  Bristol, 

The  "  Fiddes  "  silent  gas  engine,  in  motion.  By  means  of  an  entirely 
new  action  in  gas  engines,  the  "  Fiddes "  gas  engine  is  rendered  very 
powerful  and  simple  in  construction,  as  well  as  using  less  gas  than  most 
other  gas  engines. 
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GENERAL  BRITISH  SECTION. 

North  West  of  the  Electric  Railway  Station. 


The  numbers  in  this  Guide  Book  commence  at  the  North  East  end  of  the  General 

British  Section. 


1.  OFFICE  OF  THE  ROYAL  BRITISH  COMMISSION. 

2  and  3.    Gr.  ii.,  cl.  4, 1461— 6r.  iv.,  d.  6, 1491— Gr.  iv.,  cl.  8, 1614. 

MESSRS.  SIEMENS  BROTHERS  ft  CO., 

CharUon,  near  Woolwich, 

Nine  battery  cells  of  various  patterns  and  sizes. 

Three  battery  boxes. 

Six  Siemens'  patent  dynamo  machines,  D*  upright  in  operation,  excited 
by  one  jy  dynamo  machine. 

One  Siemens'  patent  alternate  current  machine,  W  in  operation, 
excited  by  a  D*  dynamo  machine. 

One  Siemens'  patent  W^  alternate  machine,  arranged  to  bum  28  lights 
in  4  circuits  of  7  lights  each. 

One  Siemens'  patent  D*  dynamo  machine  upright. 

One  ditto  D^  ditto. 

One  ditto  D*^  ditto. 

One  ditto  D*  ditto. 

One  ditto  D*  ditto,         haying  its  electro-magnets 

connected  parallel  with  the  external  circuit. 

One  Siemens'  large  dynamo-electric  quantity  exploders.  Fuses  }-iDch 
length  of  iridio-platinum  wire  0.0015-inch  diameter,  through  70  units. 

One  Siemens'  9mall  ditto.  Fuses  ^-inch  of  same  size  iridio-platinum 
wire,  through  50  units. 
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One  Siemens'  magneto-eleotric  quantity  exploder,  with  9  magnets. 

One  ditto  ditto,  with  6  magnets. 

One  ditto  ditto        ditto,        cheap  form. 

One  ditto    large  dynamo-electric  tension  exploder.     Leng^ 

of  spark  ^^  inch. 

One  ditto     small        ditto.     Length  of  spark  ^^f^  inch. 

One  Siemens*  magneto-electric  tension  exploder,  with  9  magnets. 
Length  of  spark  j}^  inch. 

One  Siemens*  magneto-dectric  tension  exploder,  with  6  magnets. 
Length  of  spark  3^^  inch. 

One  Siemens'  magneto-electric  tension  exploder,  with  6  magnets, 
cheaper  form.    Length  of  spark  ^^^  inch. 

One  Siemens'  No.  10  iron  tabular  telegraph  pole,  with  4  stretching 
insulators. 

One  Siemens'  No.  5  iron  tubular  telegraph  pole,  with  buckled  plate 
and  4  intermediate  insulators. 

One  Siemens'  No.  105  iron  tubular  telegraph  pole,  with  Le  Grand  and 
SutdifPs  patent  base-pile. 

One  Siemens'  No.  110  iron  tubular  telegraph  pole,  with  Le  Grand  and 
SutclifPs  patent  base-pile. 

Two  rammers  for  driving  piles. 

One  short  wooden  pole,  with  17  insulators  of  various  patterns. 

One  short  wooden  pole,  with  22  insulators  of  various  patterns. 

One  short  wrought  iron  pole,  with  11  insulators  of  various  patterns. 

One  short  wrought  iron  pole,  with  10  insulators  of  various  patterns. 

One  small  box,  with  samples  of  Siemens'  compound  wire. 

Four  small  coils  of  Siemens'  compoimd  wire. 

Three  insulators  for  electric  light  leading  wire. 

Samples  of  leading  wire  for  electric  light  use. 

Samples  of  imderground  cable  for  electric  light  use. 

One  dial  pattern  testing  bridge. 

One  portable  testing  bridge. 

One  set  of  testing  apparatus,  on  ebonite  pillars. 

One  Thomson's  reflecting  galvanometer. 

One  portable  folding  lamp  and  scale  stand  for  same. 

One  Jacob's  transparent    ditto. 

One  Siemens'  universal  galvanometer. 

One  Obach's  galvanometer  for  measuring  powerful  currents. 

One  Siemens^  electro-dynamometer  for  measuring  powerful  currents. 
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One  Siemens'  eleotro-djmamometer  for  measuring  small  currents. 

One  duplex  condenser  from  ^  to  2  m.f.  capaci^. 

One  condenser  of  0.87  m.f.  capacity. 

One  Siemens'  electrical  pyrometer,  complete. 

One  box  of  comparison  resistance  coils,  10,000  ohme. 

One  box  of  branch  resistance  coils,  from  2  to  1000  ohms. 

One  carbon  resistance  frame,  8  units. 

One  hoop-iron  resistance  frame,  0.1  to  1  unit. 

One  set  of  portable  field  outpost  telegraph  apparatus. 

Two  intermediate  Morse  double-current  duplex  translation  instruments. 

Two  Morse  double^current  self-starting  end  local  instruments. 

One  model  ABC  instrument,  with  finger  key. 

One  round   ditto         ditto        ditto  handle. 

One  square  ditto        ditto  ditto. 

Six  Siemens'  hanging  pendulum  lamps,  burning  in  connection  with  the 
6  D*  dynamo  machines. 

Eight  Siemens'  difEerential  lamps,  burning  in  connection  with  the 
W*  D*  machines. 

One  Siemens'  hanging  pendulum  lamp,  with  abutment  pole,  City  of 
London  pattern,  with  reflector. 

One  Siemens'  hanging  pendulum  lamp,  enclosed  in  square  lantern, 
with  reflector. 

One  Siemens'  hanging  pendulum  lamp,  with  cover  remoyed 

One  Siemens'  large  pendulum  lamp,  upright. 

One  ditto  ditto,       with  abutment  pole  in  parabolic 

reflector. 

One  Siemens'  small  pendulum  lamp,  upright. 

One  ditto  ditto,      with  abutment  pole. 

One  ditto  ditto,      in  reflector,  upon  cast  iron  stand, 

with  universal  motion. 

One  Siemens'  duplex  hanging  pendulum  lamp  on  stand. 

Two  Siemens'  difEerential  lamps,  with  abutment  poles  on  lamp  posts, 
City  of  London  pattern. 

One  Siemens'  differential  lamp,  with  cover  removed. 

One  ditto  ditto,  for  ships  use. 

One  ditto  ditto,  with  cam  adjustment. 

One  ditto  medium  f ocus-keepmg  clockwork  lamp,  with 

reflector  and  focus  observer. 
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One  SiemeiiB'  Bmall  f ocuB-keeping  clockwork  lamp  in  Fresnel  reflector, 
upon  cost  iron  stand,  with  universal  motion. 

One  Siemens'  small  focus-keeping  lamp,  as  abore,  with  cover  removed. 

One  Siemens'  lamp,  with  horizontal  carbons. 

One  globular  lantern,  with  pendant,  ash  tray,  counterweight,  and 
20-inch  alabaster  globe. 

One  globular  lantern,  with  refleotcnr,  City  of  London  pattern. 

One  square  lantern,  with  inverted  umbreUa-shaped  reflector  and 
weather  covers. 

Samples  of  carbon  rods  for  electric  light. 

One  single-leaf  horse-shoe  magnet,  weighing  1  lb.  9}  ozs.,  and  capable 
of  supporting  d\  lbs. 

One  five-leaf  horse-shoe  magnet^  weighing  7  lbs.  15  ozs.,  and  capable 
of  supporting  84  lbs. 

One  micrometer  gauge,  graduated  inch  and  millimeter. 

One  „  „  inch. 


4.  MESSRS.  SIEMENS'  SUBMARINB  TELEGRAPH  TROPHY. 
Centre  of  East  end  of  Oeneral  British  Section. 

One  submarine  trophy,  consisting  of — 

A  telegraph  buoy,  completely  rigged  with  flagstaff,  lamps,  and 
bridlechain. 

A  coil  of  6  by  4  steel  and  hemp  grappling  rope,  one  end 
shackled  on  to  the  bridlechain  of  buoy,  and  the  other  to  a  mushroom 
anchor. 

A  2^-cwt.  ordinary  5-prong  grapnel. 

A  set  of  connections  for  steel  and  hemp  grappling  rope. 

A  model  of  their  telegraph  steamer  "  Faraday." 

Three  stones  picked  up  from  the  bed  of  the  North  Atlantic 
Ocean. 

Specimens,  illustrating  manufacture  of  gutta  percha  and  guttta 
percha  core. 

Specimens,  iUustratmg  manu&cture  of  India  rubber  and  India 
rubber  core. 

Cases  containing  specimens  of  submarine,  subterranean,  military, 
and  torpedo  cables. 
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Platino  Braziliera  cable,  1873. 
Direct  United  States  cable,  1874. 
French  Atlantic  cable,  1879. 
New  American  Atlantic  cables. 


Table  to  the  South  of  the  preceding  Trophy. 

6.    6r.  iv.,  cL  6, 1400. 

MESSRS.  SAXBY  ft  PARMER, 

Patent  Raikoay  Signal  Worhi,  Canterbury  Road,  London,  N^W. 

Full-size  machine,  illustrating  "  The  mechanical  union  of  the  block 
and  interlocking  systems."  The  apparatus  consists  of  seven  leyers  for 
working  points  and  signals,  and  the  necessary  telegraphic  block  mgnalling 
instruments  for  working  between  three  consecutiye  stations  on  a  railway. 
The  important  feature  of  this  invention  is  that  it  combines  in  one  apparatus 
the  levers  for  working  the  points  and  signals,  and  the  handles  of  the  train 
tel^^ph  instruments,  all  being  reciprocally  interlocked,  so  that  they 
cannot  be  manipulated  in  a  contradictory  manner. 

Some  of  the  special  advantages  are  that  the  points  and  out-door  signals 
must  be  in  proper  position  before  "  line  clear ''  can  be  telegraphed,  and  no 
points  can  be  improperly  shifted  after  the  line  has  been  signalled  "  clear.** 
Having  signalled  '^  line  clear  "  once  it  is  impossible  to  do  so  a  seoond  time 
until  the  first  train  has  passed  out  of  the  section.  All  points  which  have 
been  looked  by  the  action  of  giving  "line  dear"  remain  locked  till  the 
expected  train  has  passed  through  the  station. 

The  out-door  starting  signal  is  compelled  to  be  re-set  to  danger  behind 
every  train,  and  it  is  impossible  to  signal  a  train  to  enter  a  block  section 
without  first  announcing  it  to  the  next  station  on  the  telegraph.  The 
starting  signal  to  permit  entrance  into  a  block  section  cannot  be  given 
without  the  consent  and  concurrent  action  of  the  signalman  at  both  ends 
of  the  section. 
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Table  to  the  South  Wat  of  Messrs.  Siemens'  Trophy. 
South  East  end  of  Table. 

6.  Gr.  iv.,  cl.  6, 1481. 

W.  M.  POXCROPT, 

54,  Compton  Street^  Clerkenwell^  London^  B.C. 
GompriseB  block  inBtrament  oases,  single  needle,  North  Eastern 
Hailwaj  pattern;  speaking  instrument  cases,  angle  needle,  Midland 
Rdlwaj  pattern,  speaking  instrument  cases,  6.P.O.  pattern  for  com- 
mutator instrument,  also  Grower  bell  telephone  cases,  as  adopted  by  Her 
Majesty's  GoTemment,  or  G.P.O.;  also  special* telephone  and  battery 
cases  combined.  Being  portable  they  can  be  used  for  men  of  war,  torpedo 
and  field  purposes.  Each  division,  boat,  &c.,  being  supplied  with  one  by 
the  paying  out  of  a  wire,  conmiunication  is  easily  maintained.  Trans- 
mitter and  receiver  case. 

7.  Gr.  i.,  cl.  2, 1486— Gr.  ii.,  cl.  4, 1458. 

JOSEPH  BOURNE  &  SON, 

Denby  Pottery,  near  Derby. 

8PECIMBNS  OF  STONEWARE  INSULATORS,  BATTERY  JARS, 

&e. 

The  peculiar  qualities  resulting  from  the  composition  of  the  paste  from 
which  these  insulators  are  produced  are  a  high  degree  of  vitre&ction,  com* 
bined  with  great  toughness  and  strength.  These  qualities  have  led,  since 
the  commencement  of  the  manu&cture,  thirty  years  ago,  to  a  laige  and 
increasing  demand.  For  many  years  the  firm  enjoyed  the  exclusive  right 
to  manufiM^ture  the  well-known  double  Y  insulators,  patented  by  Mr. 
Varley,  whilst  these  and  other  shapes— notably  the  Z  pattern— have  been 
laigely  supplied  to  the  English  Government  Tel^;raph  Department 
Specimens  of  these  are  exhibited. 

The  larger  exhibits  are  copies  of  the  designs  of  Colonial  and  Foreign 
Engineers,  who  look  for  strength  and  durability,  as  well  as  perfect  insu- 
lation for  long  distances,  whilst  the  smaller  specimens  have  been  found 
equally  adapted  to  telephone  and  mining  purposes. 

The  same  qualities  enter  into  the  composition  of  the  battery  cells  ex- 
ited. 
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8.  Gr.  iv.,  cl.  13, 1634. 

WEBB  BROWNE  WOLSEY, 

22 f  Harrivgton  Square^  London,  N,W. 

Electric  Automatic  Tell  Tale  Till,  three  specimens  of  an,  arranged  for 
English,  French,  and  American  currency. 

The  object  of  this  invention  is  for  the  protection  of  retail  traders  from 
the  pilfering  of  employes  entrusted  to  take  cash.  It  is  quite  novel  in  its 
operation  and  construction,  and  is  patented  in  Great  Britain,  America,  and 
other  countries.  The  mechanism  is  contained  in  a  small  box,  on  the  top 
of  which  are  several  dials  for  the  £  8.  d.y  &c.  On  these  are  registered 
not  only  each  separate  amount  paid  in,  but  they  show  at  a  glance  the  total 
of  the  money  that  has  been  received  during  the  day;  moreover,  at  each 
operation  it  rings  out  on  different  bells  the  various  amounts  paid  by  the 
customer,  either  in  front  of  the  payer  or  in  any  other  convenient  place. 
It  cannot  be  tampered  with  and  is  adapted  to  any  kind  of  trade,  especially 
for  very  quick  businesses.  It  requires  but  little  attention,  as  it  is  worked 
by  a  Leclanch^  batteiy  (that  requires  charging  four  times  during  the 
year),  and  is  not  very  liable  to  get  out  of  order. 

9.  Gr.  ii.,  cl.  4, 1463— Gr.  iv.,  cl.  12, 1626. 

MESSRS.  W.  T.  HENLEY, 

North  Woolwich. 

A  Case  of  Samples  of  Cablea  manufactured  by  Messrs.  W«  T.  Henley 
up  to  1879. 

A  Permanent  Magnet 

10.  Gr.  V.  cl.  14, 1642. 

FREDERICK  J.  SMITH, 

Taunton. 

DYNAMOMETER  (MODEL). 

The  dynamometer  is  designed  to  show  at  any  instant  the  amount  of 
force  transmitted  in  working  any  machine  under  trial. 

Description:  two  bevil  wheels,  one  receiving  motion  from  a  prime 
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moveri  the  other  trancnnittixig  the  motion  to  the  machine  to  be  tested,  are 
in  gear  with  a  third  bevil  wheel  between  them,  the  axis  of  which  is  at 
right  angles  with  the  axis  of  the  former  wheels,  and  capable  of  large 
angular  displacement ;  this  displacement,  which  is  controlled  by  a  spiral 
spring,  is  drawn  on  a  drum  carrying  paper,  which  moves  at  a  certain  ratio 
to  the  belt  speed.  The  diagram,  as  in  other  cases,  shows  the  force  trans- 
mitted. Another  tracer,  actuated  by  an  electro-magnet,  controlled  by 
a  seconds  pendulum,  indicates  on  the  same  paper  the  seconds  during  which 
any  particular  area  of  diagram  has  been  traced.  The  counter  shows  the 
number  of  revolutions  for  rough  approximation. 

The  dynamometer  exhibited  is  intended  for  light  laboratory  work,  and 
has  been  used  in  connection  with  the  whirling  table,  and  in  electric  and 
heat  questions. 

• 

//.    Gr.  iv.,  cl.  7, 1493— Gr.  iv.,  cl.  12, 1634— Gr.  vi.,  cl.  16, 1661. 

CONRAD  W.  COOKE,  C.B.,  M.  Soc,  T.E.,  and  E., 
5,  Westminster  Chambers^  Victoria  Street,  London, 

(1)  TELEPHONIC  ALARUM. 

This  instrument  consists  of  a  brass  wheel  centred  to  an  upright  bracket 
attached  to  a  stand,  and  capable  of  being  rotated  in  a  vertical  plane  by  a 
small  winch  handle  projecting  from  its  &ce.  The  edge  of  this  wheel, 
which  is  about  2i  inches  in  diameter,  is  milled,  and  against  the  milled 
edge  presses  the  point  of  a  light  metallic  spring,  so  placed  that  when  the 
wheel  is  turned  the  point  of  the  spring  rises  and  £sdls  as  the  teeth  of  the 
milling  pass  beneath  it;  and,  both  being  included  in  the  circuit  of  a 
battery  and  telephone,  a  vibratory  or  intermittent  current  is  produced  when 
the  wheel  is  turned.  In  order  to  prevent  the  battery  being  by  mistake  left 
in  connexion  with  the  telephone  line,  whereby  it  would  be  running  to  waste 
and  injury  be  done  to  the  telephones  in  circuit,  the  instrument  is  provided 
with  an  ordinary  electric  beU-push  or  transmitting  key  attached  to  the 
stand  of  the  instrument,  and  the  connexions  with  the  attachment  terminal 
screws  and  the  spring  and  wheel  are  so  arranged  that  the  battery  and 
wheel  are  cut  out  of  the  circuit  altogether,  tmless  the  button  is  pressed  as 
in  the  act  of  ringing  an  electric  bell.  In  order  to  call  attention  at  a  dis- 
tant station  all  that  is  necessary  is  to  press  down  the  button  with  the  left 
hand|  and  to  give  a  torn  to  the  wheel  with  the  right. 
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(2)  GALVANOMETRIC  BATTERY  FOE  DEMONSTRATING  THE 

INTERNAL  CURRENT  TRANSMITTED  THROUGH  THE  LIQUID 

WITHIN  A  VOLTAIC  CELL. 

This  instrumeDt  consists  of  two  glass  cells  united  together  by  a  small 
tube  about  two  feet  long,  and  convoluted  into  two  circular  coils  after  the 
manner  of  a  Thomson's  Reflecting  Galvanometer.  Within  the  coils  is 
suspended  an  astatic  system  of  magnetic  needles,  to  which  is  attached 
a  light  mirror,  by  which  its  deflections  may  be  made  apparent  by  the 
movement  of  a  spot  of  light  on  a  screen.  It  may  therefore  in  this  respect 
be  looked  upon  as  a  Thomson's  Reflecting  Galvanometer,  with  coiled 
liquid  instead  of  with  metallic  wires.  The  elements  are  placed  one  in 
each  of  the  little  cells,  and  may  be  connected  by  a  key ;  or,  by  placing  a 
reflecting  galvanometer  in  the  external  circuit,  both  currents  may  be 
simultaneously  indicated  on  the  screen  and  their  interdependence  or 
identity  be  demonstrated.  Below  the  base  of  the  instrument  is  a  fine 
slightly  magnetised  sewing  needle,  which  can  be  rotated  on  a  vertical  axis 
through  a  small  angle  by  means  of  a  little  lever,  and  by  which  the  instru- 
ment may  be  abjusted  to  zero. 

(3)  A  modified  form  of  the  last  instrument,  in  which  each  of  the  four 
glass  coils  constitutes  part  of  a  separate  circuit  between  the  two  glass  coils 
containing  the  elements,  each  being  coiled  in  such  a  direction  with  respect 
to  the  magnetic  needles,  that  the  dynamic  eflect  of  all  four  currents  upon 
the  astatic  system  is  the  same  in  direction.  By  tliis  arrangement  the  total 
resistance  is  reduced  to  the  proportion  of  almost  16  to  1,  and  a  very  much 
more  sensitive  instrument  is  obtained.  The  glass  work  of  this  galvano- 
meter, which  is  a  marvel  of  difiicult  glass  blowing — the  two  cells  and  four 
coiled  tubes  being  all  in  one  piece — was  made  for  and  presented  to  the 
exhibitor  by  Mr.  Charles  H.  Gimingham. 

Mr.  Conrad  W.  Cooke  also  exhibits  specimens  of  early  forms  of 
telegraph  keys;  an  ivory  pocket  compass  and  sun  dial  265  years  old ;  an 
old  compass  from  China,  and  one  of  the  late  Sir  Charles  Wheatstone's 
polarised  relays. 

12.    Gr.  iv.,  a  7, 1496. 

THE  GOWER-BELL   TELEPHONE    CO.,  LIMITED. 

9,  Crreat  Winchester  Street^  London, 

Gower-Bell  loud-speaking  telephones,  being  the  form  of  instrument 
adopted  by  the  British  Government  Telegraph  authorities. 

B  2 
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13.    Gr.  iii.,  cl.  6, 1473. 

MAX   SABEL, 

2,  Coleman  Street  Buildings^  MoorgaU  Street. 

a.  Rolls  of  Telegraph  Tape 

For  Wheatstone  instrument,  rapid  automatic  writer. 
For  Sir  W.  Thomson's  recording  instrument,  submarine  cable. 
For  Cowper's  telegraph  writer. 
For  the  Morse,  Hughes  &  Meyer  Bystems,  &c.|  &c.       § 
For  automatic  machines. 
h.  Rolls  of  Ribbon-paper^  or  winding-tapes. 

c.  Rolls  of  Tape  for  railway  metals,  testing  machines,  train  velocity 
gauges,  and  all  other  technical  purposes,  according  to  instructions. 

The  rolls  are  made  in  all  sizes,  to  fit  exactly  the  respective  machines, 
and  the  paper  is  tinted  any  shade  required:  the  paper  yrill  possess  all 
the  properties  which  are  required.  The  strips  are  rolled  tight  on  the 
drum,  parallel  along  the  whole  length,  cut  sharp  and  clean,  and  are  freed 
from  dust  by  a  patent  process. 

The  dust-free  glazed  telegraph  paper  is  also  shown,  and  is  much 
superior  to  the  ordinary  unglazed  paper,  since  with  it  any  check  in  running 
off  the  drum  is  rendered  absolutely  impossible,  the  type  shows  up  sharp 
and  clearly  defined,  and  the  ink  is  absorbed  in  the  shortest  possible  time. 

14.  W.  M.  FOXCROFT, 

54,  Compton  Street,  Clerkenwelly  London,  B.C. 

Trophy  of  Telegraph  Instrument  Cases  in  the  centre  of  preceding 
Table. 


Table  to  the  North  of  the  preceding   Table,   that  is  North  West  of 
Messrs.  Siemens^ s  Central  Trophy. 

15.     Gr.  ii.,  cL  iv.,  1460. 

JAMES  E.  &  SAMUEL  SPENCER  (The  Rustless  and 

General  Iron  Co.), 
3,  Queen  Street  Place,  Cannon  Street,  E,C,     Works:  West  Bromwich, 

Exhibit  consists  of  all  kinds  of  black,  galvanized,  enamelled,  and  anti- 
corrodo  (coated  by  Barff's  rustless  process)  Wrought  Iron  Tubes  and 
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Fittings;  alao  wrought  and  oast  iron  tel^praph  poles  and  fittings,  cast  iron 
pipes,  plain  and  coated  by  Dr.  Angus  Smith's  solution,  insulators  and  the 
various  accessories  of  telegn^h,  telephone,  and  electric  light  companies. 

A  seryice  of  these  anti-corrodo  tubes,  which  had  lain  for  eighteen 
months  in  sandy  soil,  impregnated  with  salt  water,  in  South  America, 
were,  on  being  recently  uncoyered,  reported  by  the  engineer  who  re- 
ported on  them  to  be  quite  sound,  and  free  from  corrosion. 

These  anti-corrodo  tubes  and  fittings  are  particularly  applicable  for 
telegraph  poles  and  conveying  wires  underground,  as,  being  incorrodible, 
they  do  not  choke  from  internal  corrosion  nor  require  replacing  at  frequent 
intervals  like  ordinary  tubes.  Thus  that  great  inconvenience  to  the  public 
— the  breaking  up  of  roads — is  done  away  with,  except  in  the  first  instance 
for  laying. 

76.  Gr.  ii.,  cl.  4, 1459. 

REID   BROTHERS, 

12,  Wharf  Road,  London,  N. 

Sole  proprietors  of  Heaviside's  patent  wire  for  the  prevention  of 
induction  in  telepone  circuits  both  in  undergroimd  and  suspended  wires. 

Sole  licensees  for  Creighton's  patent  insulator  for  fixing  wires  without 
the  use  or  aid  of  binding  wire. 

77.  DOWSON  &  CO., 

3,  Oreat  Qneen  Street,  Westminster, 

Model  of  Economic  Gras  Generating  Apparatus,  shown  in  the  British 
Machinery  Section. 

78.  Gr.  iv.,  cl.  6, 1486. 

T.  REID, 

68,  St.  Andrew's  Street,  Dundee. 

79.  Gr.  i.,  cl.  2, 1438— Gr.  iv.,  cl.  8, 1608. 

Mr.  F.  E.  FAHRIG, 

Southampton. 

1.  Samples  of  the  finest  English  gas  retort  carbon  cut  by  F.  E.  Fahrig's 
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improYed  machinery  into  diverfle  shapes  for  different  purposes,  varying 
from  a  large  battery  plate  or  block  to  small  1-inch  by  ^  o(:  an  inch  discs 
for  telephonic  purposes.  This  kind  is  superior  to  manufactured  or  com- 
pressed carbon,  especially  for  battery  plates, .  and  excellent  results  are 
obtained  with  it  when  employed  as  electrodes  in  electric  lighting,  also  as 
electrodes  for  medical  purposes. 

2.  Crushed  carbon  for  battery  use. 

8.  Ditto        ditto    and  manganese. 

4.  Finest  quality  of  manganese  in  crystal  form  (benoxide  of  manganese). 

5.  Pure  and  finest  carbon  dust  for  electro,  medical,  or  chemical  por- 
poses,  containing  no  foreign  matters  suitable  for  analysis. 

AUTOMATIC  "  TIME  "  REGULATORS. 

An  arrangement  which  consists  of  a  self-\Tinding  regulator  of  Vienna 
form,  and  as  many  dials  as  are  required ;  the  whole  is  driyen  by  a  very 
constant  gravity  battery  of  F.  E.  F.'s  construction,  and  lasts  for  two  years, 
which  is  placed  in  the  regulator  case  (bottom);  it  is  a  most  reliable 
arrangement  and  without  trouble  whatsoever  a  correct  time  can  be  recorded 
in  many  places  with  our  regulator  and  our  battery  only.  Here  the  labour 
of  winding  or  setting  hands,  or  watching  the  driving  clock  is  dispensed 
with ;  once  started,  the  pendulum  is  self-acting  and  complete.  The  secret 
of  its  correctness  lays  in  its  simplicity.  The  regulators  and  diverse  dials 
are  beautifully  designed,  and  are  with  or  without  illuminated  dials. 

20.    Gr.  u.,  cL  4, 1466— Gr.  iv..  cl.  7,  1496. 

MESSRS.  RICHARD  JOHNSON  &  NEPHEW, 

Bradford  Iron  Works,  Manchester, 

No.  00  B.  W.  G.  Best  Galvanized  Iron  Rod  for  Cable  Armour.  Tbe 
special  feature  of  this  specimen  is  to  show  the  great  length  that  can  be 
made  in  one  piece  without  weld  or  joint,  thus  minimizing  welding  in  cable 
making,  and,  therefore,  less  weak  places.     This  coil  weighs  over  200  lbs. 

No.  8  B.  W.  G.  Galvanized  Telegraph  Wire  of  low  electrical  resistance. 
This  meets  in  every  respect  the  special  requirements  of  the  British  Post 
Office  Authorities,  and  their  specification  can  be  manufactured  in  lengths 
of  single  pieces,  140  lbs.  each. 

No.  16  by  8  Ply  Galvanized  Telegraph  Wire' Strand  is  also  prepared 
to  meet  the  British  Post  Office  Authorities'  specifications  and  requirements 
in  every  respect. 


No.  1 1  Galvanized  Special  Telephone  Wire  is  prepared  ezprenly  for 
telephone  work,  and  can  be  made  in  single  pieces  up  to  140  lbs.  if  required; 
and,  from  what  has  already  been  experienced  in  the  erection  of  telephone 
lineSi  it  has  satisfactorily  filled  every  requirement. 

No.  15  Galvanized  Special  Telephone  Wire  of  a  high  breaking  strain. 
The  same  remarks  are  applicable  to  this  as  to  the  No.  11,  with  this  excep- 
tion :  this  is  prepared  for  erection  in  towns  and  cities  where  appearance 
and  light  supports  are  wanted,  and  at  the  same  time  giving  an  increased 
strain  as  a  margin  of  safety  firom  lines  breaking  down  and  fidling  across 
streets. 

21.    MESSRS.  RICHARD  JOHNSON  &  NEPHEW. 

Trophy  of  Telegraphing  Wire  in  the  centre  of  the  preceding  Table. 


North  of  Messrs,  Siemens*  Central  Trophy, 

22.    Gr.  iv.,  cl.  8, 1607. 

R.  E.  CROMPTON  &  CO., 

Arc  Work^f  Chelmsford. 

Lamps, — These  are  showing  twelve  arc  lamps  in  all,  and  eight  miner's 
lanterns,  fitted  with  Swan  lamps,  as  used  by  the  exhibitors  at  Pleasley 
CoIIeries. 

Of  the  first-named,  nine  lamps  are  similar  in  type  to  those  they  are 
using  at  King's  Cross  Station  and  at  Norwich. 

This  lamp  has  an  extra  magnet,  wound  with  fine  wire,  which  assists  in 
relieving  the  brake- wheel  from  the  pressure  of  the  jockey  armature. 

They  also  show  these  lamps  in  lanterns,  two  lamps  in  each  lantern,  with 
an  automatic  switch,  which  switches  in  the  spare  lamp  in  case  any  failure 
occurs  in  the  lamp  first  lighted. 

Also  a  new  pattern  of  arc  lamp,  having  only  one  large  worm  wheel 
gearing  into  the  rack. 

They  also  show  a  new  pattern  double  lamp,  T^hich  carries  a  double  set 
of  carbons,  which  will  run  twenty  hourswithout  replacing  carbons. 
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Also  Bbown  are  aome  automatic  cut-out  switches  for  use  with  single 
lamp,  to  prevent  the  failure  of  anj  one  lamp  afiEecting  others  in  same 
circuit 


Against  the  North  wall  and  adjoining  the  office  of  the  British  Commission. 

23.    Gr.iv.,  cl.6,1489. 

JULIUS  SAX, 

103,  Oreat  Russell  Street,  Bhomshury. 

PATENT  MECHANICAL  &  ELECTRICAL  WATER  GAUGE. 

By  means  of  this  apparatus  the  engineer  at  the  Pumping  Station  is 
enabled  to  know  the  exact  state  of  the  cistern,  tank,  or  reservoir  at  any 
time  by  merely  looking  at  the  electric  dial,  which  may  be  fixed  close  to 
the  engine. 

The  apparatus  consists  of  two  parts — 

No.  1.    The  mechanical  indicating  water  gauge,  6xed  at  the  top 
of  the  cistern. 

No.  2.    The  electrical  counterpart,  which  may  be  fixed  at  any 
distance  away  from  the  cistern. 

The  mechanical  water  gauge  carries  a  metal  fioat,  which  is  so  arranged 
that  its  rising  and  Mling  will  cause  the  hand  on  the  dial  to  move  forward 
or  backward,  as  the  case  may  be,  and  if  once  set  so  as  to  point  on  the  dial 
the  height  of  the  water  in  the  cistern,  the  hand  would  always  follow  the 
same  and  indicate  it. 

The  hand  on  the  electrical  dial  is  made  to  follow  the  movement  of  the 
hand  on  the  mechanical  dial  by  reversed  currents.  If  the  pointer  of  the 
electrical  dial  is  set  to  correspond  with  the  pointer  of  the  mechanical  dial, 
the  former  would  always  follow  the  latter,  whether  it  went  forward  or 
backward,  and  so  show  the  state  of  the  cistern  or  reservoir  at  any  distance 
away  from  it. 

The  apparatus  is  also  arranged  to  ring  an  alarm  bell,  both  when  the 
water  has  reached  either  the  highest  or  lowest  point. 

Also  electric  bells  for  offices,  &c.    Indicators  for  telephone  stations,  &c. 

MR.  JOHN  W.  FULLER'S  PATENT  "MIRROR"  GALVANO- 
METER, for  improving  the  working  of  long  Submarine  Telegraph  Cables, 
&G.     Also  combined  switch  and  commutator. 
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24.  Gr.  iv.,  d.  10, 1618. 

B.  COPSON  GARRATT, 

MEDICAL  ELECTRICUN, 

15,  Fimhtry  Square,  London,  E.C. 

MAGNBTO.ELBCTBIC  APPLIANCES. 

These  ezhibita  show  the  latest  and  most  approved  method  of  treating 
disease  by  means  of  aura  or  currents,  discharged  from  permanent  magnets, 
enclosed  in  various  garments,  and  applied  to  the  motor  points  and  vital 
organs  of  the  human  frame. 

The  exhibitor  claims  that  he  has  solved  the  problem  of  the  adaptibility 
of  magnetic  treatment  to  intricate  cases  of  disease  by  introducing  com- 
pound magnets  of  various  powers  in  different  positioQs,  according  to  the 
requirements  of  the  patient.  The  extreme  lightness  and  flexibilty  of  his 
special  magnets,  enabling  him  to  concentrate  a  high  degree  of  magnetic 
power  at  any  desired  point  without  discomfort  or  appreciable  weight. 
It  is  also  claimed  that  magnets  prepared  by  this  special  process  perma- 
nently maintain  their  therapeutic  virtue. 

For  particulars  of  Mr.  Garratt's  method  of  treatment,  see  his  various 
pamphlets  on  Nerve  Invigoration  by  Electro  Magnetism.  Free  on  appli- 
cation. 

25.  Gr.  ii.,  d.  4, 1464. 

TELEGRAPH  CONSTRUCTION  AND   MAIN- 
TENANCE CO.,  LIMITED, 

38,  Old  Broad  Street,  London. 

Specimens  of  submarine  telegraph  cables  laid  down  by  the  company 
between  the  years  1857  and  the  present  time. 

26.  Gr.  i.,  cl.  2.,  1440-Gr.  ii.,  cl.  4, 1468-Gr.  iii.,  cl.  6, 1472— 

Gr.  iv.,  cL  6, 1486— Gr.  iv.,  cl.  7, 1499. 

EDWARD   PATERSON, 

76,  Little  Britain,  Aldertgate  Street,  London,  and  8,  Rue  Martel,  Parte, 

1.  Electric  signals  for  hotels,  houses,  mmes,  yachts,  &c.,  with  all 
accessories. 
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2.  Telephone  exchange  tables,  with  universal  commutatori  indicator, 
and  keys  specially  adapted  for  putting  subscribers  quickly  through  to  the 
Exchange,  and  one  another. 

8.  Gower  bell  loud-speaking  telephones,  as  used  by  the  British  Post 
Office  authorities,  and  other  departments  of  Her  Majesty's  Govemment. 

4.  Magneto  ''  bell "  telephones,  in  ebonite  or  metal  leather,  covered 
cases. 

5.  Carbon  transmitters,  with  or  without  relays,  suitable  for  distances 
up  to  100  miles. 

6.  Lightning  conductors,  patent  copper  tape  conductors  in  continuoufi 
lengths. 

7.  Manganese  vnd  other  batteries  for  electric  signalling. 

8.  Proft.  Ayrton  &  Perry's  Portable  Electric  Light  Current  Gralva- 
nometcr. — Measures  directly  in  webers  the  strongest  electric  light  currents, 
without  calculation  or  reference  to  any  table;  it  is  very  "dead-beat." 
The  accuracy  of  its  readings  can  at  any  moment  bo  checked  by  the  em- 
ployment of  only  a  single  cell  in  the  following  way : — the  thick  wire  coiled 
round  the  needle,  and  through  which  the  electric  light  current  circulates, 
is  in  reality  a  strand  or  little  cable  composed  of  ten  insulated  wires,  and 
which  are  usually  joined  in  multiple-arc  by  means  of  the  little  commutator 
seen  in  the  figure.  But  by  one  quarter  turn  of  this  commutator  the  wires 
are  joined  in  series,  and  now  any  deflection  is  produced  by  exactly  one- 
tenth  of  the  current  previously  producing  the  same  deflection.  To  check 
then  the  value,  in  webers,  of  a  current  producing  any  deflection,  we  have 
merely  to  ascertain  the  strength,  in  webers,  of  the  weak  current  producing 
the  same  deflection  when  the  wires  are  in  scries,  or  indeed  any  other  de- 
flection will  do  equally  welL  since  the  coils  have  such  a  form  given  to  them 
t  lat  the  strength  of  a  current  is  directly  proportioned  to  the  deflection  it 
produces. 

9.  Profs.  Ayrton  &  Perry's  Arc  Horse  Power  Measurer. — Indicates 
the  horse  power  expended  in  any  electric  circuit,  and  the  accuracy  of  its 
readings  may  be  tested  by  a  single  cell  in  the  way  described  above,  this 
instrument,  like  their  electric  light  galvanometer,  being  wound  with 
multiple  wires,  and  fitted  with  a  commutator. 

10.  Profe.  Ayrton  &  Perry's  Dispersion  Photometer. — Indicates  di- 
rectly by  the  readings  on  the  scale  the  candle  power  of  the  brighest  electric 
light.  The  electric  light  and  photometer  may  be  close  together,  as  the 
weakening  of  the  bright  light  is  performed,  not  by  distance  but  by  the 
employment  of  a  very  thin  concave  lens,  the  position  of  which  is  adjust- 
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able.  Hence  the  measurement  can  be  made  in  a  small  space,  and  does 
not  require,  as  in  the  case  of  the  older  kind  of  photometers,  a  long  dark 
room. 

11.  Profs.  Ayrton  &  Perry's  Dynamometer  Coupling.— For  measuring 
the  horse  power  transmitted  by  any  shaft,  as  for  example  that  connecting 
a  direct  working  three-cylinder  engine  with  a  dynamo  electric  machine. 

27.  MESSRS.  W.  T.  HENLEY, 

North  Woolwich. 

28.  Gr.  ii.,  cl.  4,  1464— Gr.  iii.,  d.  5, 1470— Gr.  iv.,  cl.  6, 1482— 

Gr.  iv.,  cl.  13, 1530. 

INDIA    RUBBER,    GUTTA    PERCHA,    AND    TELE- 
GRAPH  WORKS  CO., 

Silvertoicn,  London. 

RAILWAY  SIGNAL  INSTRUMENTS. 

Walker's  Patent  Train  Describer,  Receiver,  and  Sender.  This  train 
desoriber  attracts  attention  by  a  single  blow  on  a  bell,  which  is  so  con- 
structed as  to  strike  once  only  for  each  completed  signal ;  and  at  the  same 
time  to  point  out  upon  a  dial  the  name  of  the  coming  train. 

A  train  signal  is  made  by  simply  pulling  forward  with  the  finger  a 
small  lever  opposite  to  the  name  to  be  sent,  and  pressmg  backward  a 
similar  lever  at  the  name  last  sent. 

The  complete  apparatus  includes  a  '^  Single  stroke  bell "  and  a  pair  of 
dial  instruments,  the ''  Sender"  with  labels  for  the  names  of  each  train,  and 
small  levers  or  handles  opposite  each  name, — ^the  '^  Receiver  "  with  labels 
to  correspond,  and  a  rotating  pointer,  or  index  in  the  centre  of  each  dial. 

Walker's  Patent  Direct  Action  Semaphore  Repeater,  shewing  the  three 
positions  of  the  signal  arm. 

A  complete  set  of  Walker's  Electro-magnetic  Telegraph  Semaphores 
for  railway  block  signalling. 

Complete  set  of  Preece's  Single  Wire  Block  Signalling  Instruments, 
consisting  of  semaphore,  switch,  and  plunger. 

Single  Stroke  Direct  Action  Bell,  with  key  combined. 

Single  Stroke  Direct  Action  Bell. 

Morse  Direct  Ink  Writers  (receiyers  only)  with  paper  wheel,  fitted  in 
drawer. 
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Morse  Pony  Sounder  Instraments,  post  offioe  pattern. 

Morse  Single  Current  Keys,  post  office  pattern,  on  teak  base. 

Bains  Fast-speed  Beoeiyer  for  Automatic  Working,  fitted  with  speed 
r^ulator. 

Wbeatstone  A.B.G.  Instruments,  consisting  of  indicator,  oommunioator, 
and  clockwork  bell. 

The  Silvertown  Water  Level  Indicator,  for  showing  the  varying  height 
of  water  in  reservoirs,  &c. 

The  Silvertown  Water  Level  Contact  Maker,  for  above. 

Hairs  patent  Anemometer  with  Telephone  Receiver,  for  indicating 
audibly  at  surfiEtce,  rate  at  which  air  is  passing  through  underground 
workings  of  mines. 

SUNDRIES. 

Medical  Batteries,  fitted  with  graduated  commutator,  battery  reverser, 
and  interrupter. 

Samples  of  various  forms  of  the  new  Agglomerate  Ledanch^  and 
other  cells,  suitable  for  telegraph,  torpedo,  and  mining  purposes,  for 
medical  use,  and  electric  signalling  generally. 

A  length  of  Brook's  Underground  Multiple  Cable  System,  laid  in  iron 
pipes,  with  telephones  connected. 

Case  of  samples  of  jute-covered  cables  for  Brook's  Underground 
Cable  System. 

Case  of  Submarine  Telegraph  Cables. 

Case  of  Carbons  for  Electric  Lightning. 

Samples  of  Gutta  Percha  covered  wires. 

Samples  of  India  Rubber  covered  wires. 

GALVANOMETERS. 

Sir  W.  Thomson's  Reflecting  Astatic  Gralvanometer,  with  four  coils,  in 
square  brass  case;  total  resistance  7,000  ohms,  complete  with  shunts, 
lamp  and  scale. 

Sir  W.  Thomson's  Reflecting  Marine  Galvanometer,  oomplete  with 
shunts,  lamp  and  scale. 

Small  Reflecting  Galvanometer,  with  oil  vessel,  shunts,  lamp  and  scale. 
Government  pattern. 

Portable  Astatic  Galvanometer,  in  brass  case,  with  jewelled  centres, 
having  a  resistance  of  about  1,000  ohms,  in  sling  leather  case,  fitted  with 
controlling  magnet. 
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Tangent  Galvanometer,  Post  Office  pattern,  for  testing,  with  received 
currents,  fitted  with  resistance  coil,  shunt,  and  short  circuiting  key. 

Speaking  Galvanometer  for  submarine  cable  working,  with  lamp, 
condensing  lens,  and  scale  stand. 

Signalling  Key  for  above,  mounted  on  an  ebonite  base,  Silyertown 
pattern. 

RESISTANCE  COILS. 

Large  Set  of  Resistance  Coils,  dial  pattern,  arranged  in  units,  tens, 
hundreds,  and  thousands,  with  Wheatstone  Bridge  attached  of  two  tens, 
two  hundreds,  two  thousands,  and  two  ten  thousand  ohms. 

Set  of  Resistance  Coils,  with  Wheatstone  Bridge,  fitted  with  lottery 
and  galvanometer  keys.  Post  Office  pattern,  in  polished  wood  case,  with 
lock  and  key. 

TORPEDO  APPARATUS. 

A  Seven-shutter  Signalling  and  Firing  Instrument  for  Circuit  Closing 
and  .Ground  Torpedoes,  adapted  for  both  testing  and  firing. 

Torpedo  Testing  Table,  fitted  with  Wheatstone's  Bridge  and  Astatic 
Galvanometer,  set  of  resistance  coils  with  clip  for  platinum  wire,  three- 
coil  galvanometer,  key,  and  commutator. 

Pair  of  Telescopic  Firing  Arcs,  for  observing  and  converging  stations 
fitted  with  telescopic  firing  arm,  sights  with  platinum  contact,  levelling 
screws,  and  vernier  scale. 

Mathieson's  Circuit  Closers  for  contact  torpedoes. 


Central  Pavilion — East  side. 
29.    Gr.  iv.,  cl.  6, 1487. 

POSTAL  TELEGRAPH  DEPARTMENT. 

MODERN  APPARATUS  AS  USED  BY  THE  BRITISH 
POST  OFFICE. 

[1.]    DOUBLE-CURRENT  SOUNDER  SET. 

The  key  in  this  instrument  sends  a  current  in  one  direction  when 
depressed,  and  a  current  in  the  reverse  direction  when  raised.  These 
currents  actuate  a  polarized  relay,  which  works  a  local  sounder. 


so 

[2.]    WHEATSTONE'S  AUTOMATIC  SET. 

Used  chiefly  for  '^  press "  work.  Will  transmit  at  the  rate  of  120 
words  a  minute  and  upwards.  The  message  is  punched  out  on  a  slip  of 
paper  in  the  first  instance. 

[8.]    PAST  REPEATER  BOARD. 

Used  in  connection  with  the  Wheatotone  automatic  apparatus  for 
**  repeating  "  over  long  lines.  The  repeater  set  is  placed  at  a  point  inter- 
mediate between  the  transmitting  and  receiving  stations. 

[4.]    FAST  DUPLEX  REPEATER. 

This  apparatus  is  used  for  repeating  the  signals  when  working  Wheat- 
stone's  automatic  on  the  duplex  Bysbem,  and  may  be  also  used  for  ordinary 
single  working. 

[5.]    UM8CHALTBR  SWITCH. 

[6.]    MODERN  SET  OF  TESTING  APPARATUS. 


^C7.] 


NUMBERING    MACHINE    FOR    NUMBERING    MESSAGE 
FORMS. 


[8.]    MODERN  FORM  OP  TRAIN  SIGNALLING  APPARATUS. 
Inyented  by  Preece,  and  used  on  the  South  Western  and  other  railways. 

[9.]  APPARATUS  CONNECTED  WITH  PNEUMATIC  TUBES. 

a.  Carriers  for  pneumatic  tubes. 

b.  Specimens  of  pneumatic  tubes. 

c.  Specimens  of  pneumatic  tube  after  being  25  years  in  use. 

d.  Specimen  joint  in  pneumatic  tube. 

€,  Double  Sluice  Pneumatic  Valve  for  continuous  working. 

/.  Single  Sluice  Valve  for  intermittent  working. 

g.  Block  Signalling  Apparatus  for  notifying  the  departure  or  arrival 
of  carriers. 

h.  Terminal  Signaller.  Automatic  signalling  apparatos  for  notifying 
the  arrival  of  carriers  at  the  distant  station. 

t.  Intermediate  Signaller.  Automatic  signalling  apparatus,  to  be  fixed 
intermediate  upon  a  pneumatic  tube.  The  duration  of  the  electric  contact 
can  be  regulated  to  any  required  length  by  means  of  the  adjusting  screw 
>vhich  limits  the  admission  of  air  to  the  cylinder. 
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j.  Mandrel  used  in  making  joints  in  pneumatic  tubea 

k.  A  Pneumatic  Puncher  for  Wlieatstone'a  automatic  apparatus. 

[10.]    WATER  LEVEL  INDICATOR. 

For  indicating  the  height  of  the  water  level  in  a  reservoir.  The 
*'  transmitter "  sends  intermittent  currents  in  one  direction  or  the  other, 
i^Ksording  as  a  float  in  the  reservoir  rises  or  falls.  The ''  receiver "  is 
worked  by  a  polarized  armature,  with  an  escapement,  which  is  propelled 
in  one  direction  or  the  other,  according  as  positive  or  negative  currents 
are  received  from  the  ''  transmitter." 


Central  Pavilum-^Weet  side. 

6r.  iv.,  d.  16, 1553. 

fflSTORICAL  TELEGRAPHIC  APPARATUS. 

Data. 

[1.]     1816.    RONALDS'  ELECTRIC    TELEGRAPH  (lent    by  Mr. 
Latimer  Clark). 

This  was  a  Dial  Telegraph.  Two  dials  (separated  by  a  wire)  were 
rotated  synchronously  by  clockwork.  When  a  letter  which  it  was  desired 
to  transmit  appeared  at  the  opening  in  the  dial  at  the  sending  end,  a 
charge  of  statical  electricity  from  a  Leyden  jar  was  sent  into  the  wire, 
which  caused  two  pith  balls  at  both  the  sending  and  receiving  ends  to 
diverge  simultaneously,  and  thus  to  indicate  the  letter.  Words  were  thus 
spelt  out.  Sir  Francis  Ronalds  used  copper  wire  insulated  in  glass  tubes 
protected  by  a  trough  of  wood  well  tarred.  A  portion  of  this  ex- 
perimental line  laid  down  in  his  garden  in  Hammersmith  on  the  Thames 
in  1816,  and  the  original  model  of  the  telegraph,  is  exhibited.  His  book, 
published  in  1828,  the  first  work  on  the  electric  telegraph  in  the  Englbh 
language,  is  kindly  lent  by  Mr.  Latimer  Clark,  and  exhibited  in  another 
part  of  the  exhibition. 

a.  Portion  of  the  original  telegraph  line  laid  by  Ronalds  in  1816. 

h.  Original  model  of  Ronalds'  Dial  Telegraph  (1816). 

c.  "Fossil"  Telegraph. 

d.  Insulators  used  by  Morse. 

e.  Original  type  cast  in  December,  1832,  by  Morse. 

/.  Specimen  of  first  cable  between  England  and  France,  185u. 
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[2.J    1837.    THE  "FOSSIL"  TELEGRAPH. 

The  first  tindergroand  practical  telegraph  laid  between  Easton  and 
Camden  by  Cooke  &  Wheatstone  in  1887.  It  was  formed  of  copper 
wires  covered  with  cotton  and  pitch,  and  laid  in  grooves  in  lengths  of 
wood  of  a  triangular  section,  the  grooves  being  fitted  up  by  strips  of  the 
same  material.  The  wood  so  prepared  was  buried  underground.  It  was 
used  in  connection  with  Cooke  ^.  Wheatstone's  Five  Needle  Telegraph. 

a.  "Fossil"  Telegraph  (1887). 

b.  Specimen  of  first  cable  between  England  and  France  (1850). 

c.  Specimen  of  first  Atlantic  cable  (1858). 

[3.]    1887.    COOKE  &  WHEATSTONE'S  NEEDLE  TELEGRAPH. 

Five  needles  or  magnets  were  employed  in  conjunction  with  five 
Schweigger's  multipliers,  forming  five  distinct  galvanometers.  Each 
multiplier  was  connected  in  the  circuit  of  a  separate  wire  and  each  needle 
had  two  movements,  limited  by  stops,  the  one  movement  being  to  the 
rightf  and  the  other  to  the  left.  The  alphabet  was  formed  by  the  con- 
vergence of  two  needles  simultaneously  deflected,  the  letters  being 
engraved  on  the  dial  at  the  points  where  the  projections  of  the  needles 
met.  The  currents  were  transmitted  and  reversed  by  depressing  simple 
commutators.  Currents  from  galvanic  batteries  were  used.  The  five  line 
wires  were  insulated  as  shown  in  the  "  Fossil "  Telegraph.  The  instru- 
ment shown  was  used  between  Paddington  and  West  Dra3rton  in  1888. 
This  instrument,  firom  its  peculiar  shape,  is  known  as  the  "  Hatchment " 
Telegraph. 

[4.J    1888.    OOOKB  <&  WHEATSTONE'S  POUR-NEEDLE  TELE- 
GRAPH. 

Since  C,  Q,  J,  U,  and  Z  are  very  little  used  in  the  English  language, 
it  was  found  that  the  remaining  letters  of  the  alphabet  could  be  formed  by 
the  deflection  of  four  needles,  and  such  an  instrument  was  employed  on 
the  London  and  Blackwall  Railway  in  1840.  In  this  instrument,  the 
letters  H  and  P  are  formed  by  one  needle  only. 

[5.]    1842.     COOKE    &    WHEATSTONE'S    DOUBLE  -  NEEDLE 
TELEGRAPH. 

Owing  to  the  frequent  &ilure  of  one  or  two  out  of  the  four  wires,  it 
was  soon  found  by  the  operators  that  an  alphabet  could  be  formed  by  two 
needles  only,  if  advantage  were  taken  of  repeated  momentary  movements, 
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either  separate  or  combined,  instead  of  prolonged  deflections.  This 
identical  instrument  was  fixed  at  Slough  in  1842.  Kindly  lent  by  Messrs. 
Reid  Bros. 

[6.]  1850.  COOKE  &  WHEATSTONE'S  DOUBLE  NEEDLE  in 
a  gothic  case  made  specially  for  the  new  Houses  of  Parliament. 

[7.]  1852.  THE  MODERN  FORM  OF  DOUBLE  NEEDLE 
modified  by  Messrs.  Edwin  &  Latimer  Clark,  still  used  to  a  small  extent 
on  some  railways  in  England. 

[8.]     1846.    THE  SINGLE-NEEDLB  INSTRUMENT  OF  COOKE 
&  WHEATSTONE. 

It  was  soon  found  that  an  alphabet  could  be  formed  by  the  moyements 
of  one  needle  only,  by  taking  adyantage  of  momentary  deflections  of  the 
needle  to  one  side  or  the  other.  At  first  an  arbitrary  alphabet  was  used, 
but  in  the 

[9.J     1869.    MODERN  FORM  OF  SINGLE  NEEDLE, 

The  (rerman  Unison  Morse  Alphabet  was  adapted,  and  the  form  of  the 
instrument  much  improved.    The  change  of  alphabet  was  made  in  1855. 

[10.]     1848.    BAIN'S  L  AND  V.  TELEGRAPH. 

The  alphabet  is  formed  by  the  movenients  of  two  pointers,  one  moving 
to  the  right  and  the  other  to  the  left,  according  to  the  direction  of  the 
current.  The  pointers  are  attached  to  circular  magnets  moving  inside 
coils.  A  code  similar  in  principle  to  that  of  the  single-needle  instrument 
was  employed  £)r  representing  the  letters. 

[11.]     1846.    HIGHTON'S  GOLD  LEAF  TELEGRAPH. 

A  small  strip  of  gold  leaf  inserted  in  a  glass  tube  passes  through  the 
field  of  a  permanent,  magnet  and  forms  port  of  the  line  circuit.  When 
a  current  passes  through  the  gold  leaf,  it  moves  the  latter  to  the  right  or 
left,  according  to  the  direction  of  the  current.  The  alphabet  is  made, by 
repetitions  and  combinations  of  these  movements,  as  in  the  Single-Needle 
Instrument.  Batteries  and  commutators  were  used  as  in  Cooke  <^  ^^fP^ 
stone's  single-needle  system.  ^  ».^  ^  -,  ^ 

[12.]     1848.    HIGHTON'S  NEEDLE  TELEGRAPH. 

Used  by  the  British  and  Irish  Magnetic  Tel^aph  Company.     A 
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horsendioe  or  circular  magnet  within  a  circular  coil,  and  worked  by  a 
reversing  key  or  commutator,  is  used.  The  signals  are  similar  in  principle 
to  those  of  Gooke  &  Wheat8tone*s  single  needle. 

[13.]    1852.    HIGHTON'S  NEEDLE  TELEGRAPH. 

Small  form  with  folding  doors.  Used  by  the  British  and  Irish  Mag- 
netic Company.  Identioal  in  oonstmction  with  the  original  form  which  it 
superseded. 

[14.]  1848.  HENLEY'S  MAGNETO-ELECTRIC  DOUBLB-NEB- 
DLE  INSTRUMENT. 

Used  by  the  British  and  Irish  Magnetic  Company.  The  needles  only 
moYC  on  one  side  of  their  vertical  pontion,  and  the  signals  are  made  up  of 
the  single  and  combined  movements  of  the  two  needles.  This  instrument 
requires  two  line  wires,  and  is  worked  by  the  magneto-electric  current 
generated  by  moving  the  handle  or  handles.  The  interior  needles  are 
small  straight  bar  magnets,  playing  between  the  semi-circular  pole  pieces 
of  an  electro  magnet.  The  needle  remains  on  the  side  on  which  it  is  leA; 
by  the  last  current,  which  passes  through  the  coils,  and  does  not  return  to 
its  vertical  position  by  gravity,  as  in  Cooke  &  Wheatstone's  needle  in- 
strument. 

tl5.J  1848.  HENLEY'S  MAGNETO-ELECTRC  SINGLE-NEEDLE 
INSTRUMENT. 

Used  by  the  British  and  Irish  Magnetic  ToI^;raph  Company.  Similar 
in  action  to  the  last-named  instrument,  but  only  one  needle  and  one  line 
wire  were  employed.  The  alphabet  was  produced  by  combinations  of 
short  and  prolonged  deviations  of  the  needle,  as  in  the  Morse  code. 

[16.]  SERIES  OF  COILS  AND  NEEDLES  USED  IN  CON- 
NECTION WITH  THE  NEEDLE  SYSTEM  OP 
COOKE  &  WHEATSTONB. 

a.  1846.  The  original  form,  with  long  coils  and  permanent  magnetic 
needles. 

b.  1848.  Holmes*  small  Diamond  Needle.  This  was  a  great  improve- 
ment in  the  original  form,  as  it  increased  the  speed  of  working  considerably 
by  diminishing  the  arc  of  vibration  of  the  needle. 

c.  1851.  Clark's  Needle. 

d.  1866.  Varley^s  Induced  Needle. 
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N.B. — ^This  prevented  demagnetization  by  atmospberic  electricity— a 
very  frequent  source  of  trouble. 

e.  1866.  Brittan'B  UndemagnetizabU  Needle. 

f.  1869.  SpagnolettCe  Induced  Needle. 
N.B.— This  is  the  modern  and  best  known  form. 

[17.]  1878.  NBALE'S  ACOUSTIC  DIAL  employed  on  a  single- 
needle  instrument  in  the  place  of  the  ordinary  dial.  Is  very  similar  in 
action  to  a  Siemen's  Belay,  but  the  needle  is  held  in  the  vertical  position 
by  a  spiral  spring  behind  the  dial. 

[18.]  1880.  TIN  PLATE  SOUNDER  for  converting  the  single- 
needle  instrument  from  a  visual  to  an  aural  apparatus.  The  sounder  is 
fixed  to  the  dial  of  the  ordinary  instrument,  the  ivory  pins  of  which  are 
removed;  tiie  needle  strikes  against  the  curved  sur&ces  and  produces 
audible  sounds. 

[19.]     1855.    BRIGHTS  BELL  WITH  RELAY. 

Used  by  the  British  and  Irish  Magnetic  Telegraph  Company.  The 
single-needle  alphabet  is  produced  by  striking  two  bells  of  different  tones, 
4he  hammers  being  actuated  by  electro-magnets  worked  by  a  relay  and 
local  battery.  The  relay  is  double-acting,  and  consists  of  two  electro- 
magnetic bobbins  placed  side  by  side,  their  ends  being  furnished  with  pole 
pieces  turning  inwards.  Between  tiiese  pole  pieces  at  each  end  of  the 
bobbins,  the  ends  of  permanentiy  magnetized  needles,  pivoted  on  vertical 
axes,  play ;  these  needles  are  so  placed  as  regards  their  polarity  that  a 
current  in  one  direction  moves  the  needle  which  closes  the  local  circuit  of 
the  right-hand  bell,  and  a  current  in  the  opposite  direction  moves  the  other 
needle,  which  closes  the  local  circuit  of  the  left-hand  bell.  The  signalling 
key  used  with  this  instrument  is  similar  to  that  used  with  Highton's  Single 
Needle.     This  instrument  superseded  Henley's  magnetic-electric  system. 

[20.]    1840.    COOKE  &  WHEATSTONB'S  ABC  INSTRUMENT. 

A  step  by  step  instrument  The  letters  of  the  alphabet  are  arranged 
round  a  paper  disc  fixed  on  the  axle  of  an  escapement  wheel.  The  letters 
appear  at  an  opening  in  the  firont  of  the  case.  The  escapement  is  similar 
to  the  '*  ^chappement-d-cheville,"  and  is  controlled  by  an  electro-magnet. 
There  are  as  many  teeth  in  the  escapement  wheel  as  there  are  letters  on 
the  revolving  disc ;  the  latter  moves  from  one  letter  to  the  otiier  for  each 
current  sent    The  train  of  clockwork  is  actuated  by  a  main-spring. 

c  2 
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The  oommunicator  ia  so  arranged  that  a  carrent  is  sent  when  its  spoked 
wheel  is  turned  through  a  distance  equal  to  that  dividing  the  letters 
engraved  upon  it.  The  commutator,  fixed  on  the  axle  of  the  revolving 
electro-magnet,  is  so  constructed  that  the  magneto-electric  currents  are  all 
in  the  same  direction. 

[21.]  1840.  SIMILAR  APPARATUS  to.thetoegoing,  but  a  poiDter 
is  used  instead  of  a  revolving  card. 

[22.]  1858.  MODERN  FORM  OF  WHBATSTONE'S  ABC 
INSTRUMENT. 
A  magneto-electric  instrument.  The  currents  for  working  the  same 
bebg  generated  by  the  revolution  of  an  armature  in  front  of  polarized 
electro-magnets.  The  depression  of  a  key  opposite  a  letter  arrests  the 
motion  of  the  pointer  and  cuts  off  the  currents  going  out  to  line. 

[28.]    COLLECTION  OF  KEYS. 

a.  1852.  Simple  Spring  Key  used  with  Bain's  chemical  recording 
telegraph. 

b.  1854.  Key  for  sending  a  short  reversal  after  each  signal,  two  sets  of 
batteries  being  required.  When  the  key  is  up,  the  line  wire  is  connected 
to  the  receiving  apparatus. 

c.  1854.  VarhyU  Wheel  Key.  A  constant  current  is  maintained  on 
the  line,  and  signals  are  made  by  depressing  the  key,  and  thus  reversing 
the  current.  A  switch  is  used  for  making  the  necessary  alterations  to  the 
connections  for  sending  and  receiving. 

d.  1870.  StroKe  Key,  Similar  in  general  principle  to  Varle/s  key, 
but  the  contacts  are  made  by  springs,  and  the  switch  action  is  attained 
by  moving  the  lever  of  the  key  to  the  right  or  left  as  required.  When 
the  lever  is  at  the  "  receive  "  position  it  cannot  be  depressed. 

[24.]    COLLECTION  OF  RELAYS. 

a.  1868.  Andrews'  Relay  for  Hughes'  type-printing  instrument,  used 
by  the  United  Kingdom  Telegraph  Company.  Its  peculiarity  consists  in 
the  relayed  currents  being  of  equal  length  and  independent  of  the  length 
of  the  line  current. 

h,  1858.  Whitehouee's  Relay,  In  this  relay  a  small  permanent  horse- 
shoe magnet  oscillates  between  the  pole  pieces  of  an  electro-magnet  The 
adjustment  is  effected  by  the  attraction  of  another  small  permanent 
magnet,  instead  of  the  spiral  spring  generally  used. 
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c.  1856.  VarUifB  Horizontal  Eday.  A  horizontal  bar  of  soft  iron  is 
pivoted  Tortically  and  free  to  move  in  the  interior  of  two  cylindrical 
bobbins.  The  ends  of  the  bar  which  project  beyond  the  bobbins  play 
between  the  poles  of  horse-shoe  permancDt  magnets  fixed  at  each  end. 
The  relay  is  adjusted  by  moying  the  stops,  and  consequently  the  soft  iron 
bar,  to  one  side  or  the  other. 

d.  1870.  StroKa  Relay.  Two  curved  permanent  steel  magnets  are 
fixed  side  by  side  on  the  opposite  sides  of  a  vertical  bar,  whose  ends  work 
in  pivots.  The  poles  of  these  magnets  play  between  the  poles  of  two 
vertical  straight  electro-magnets. 

e.  1864.  Soft  Iron  Relay. 

f.  1855.  Varley* 8  Vertical  Relay.  The  coil  is  wound  on  a  reel  of  sofl 
iron,  upon  each  end  of  which  a  hoUow ''  casing  "  or  cap  of  the  same  material 
is  fitted,  almost  completely  encasing  the  coil  in  soil  iron.  The  armature  is 
crescent-shaped,  and  is  magnetized  by  induction  from  a  compound  bar 
magnet  placed  behind.  The  orescent-shaped  portion  plays  between  the 
inner  ends  of  the  casings,  which  for  that  purpose  do  not  quite  meet,  but 
leave  the  central  portion  of  the  coil  exposed.  An  ordinary  magnetic 
needle  pivoted  below  the  coil  is  acted  upon  by  the  latter,  and  serves  as  an 
indicator  to  call  attention.  The  armature  is  held  up  against  knife-edge 
bearings  by  two  helical  springs,  and  the  adjustment  is  efEected  by  varying 
the  tension  of  one  of  them. 

g.  1855.  Preec^e  Duplex  Relay.  Worked  on  the  leakage  principle. 
The  outgoing  current  from  either  station  passes  through  one  coil  of  the 
instrument  and  then  divides  between  the  second  coil,  which  is  connected 
to  line  and  a  resistance. 

[25.]  1850.  BAIiN'S  CHEMICAL  TELEGRAPH,  as  used  by  the 
Electric  Telegraph  Company  in  place  of  the  double  needle  (No.  7).  The 
paper  ribbon  was  prepared  with  yellow  prussiate  of  potash  and  nitrate  of 
ammonia.  The  style  is  of  iron.  The  Steinheil  code — dots  in  two  parallel 
lines — was  occasionally  used,  but  was  entirely  superseded  by  the  Morse 
code  of  dots  and  dashes. 

[26.]  1846.  MAGNETO-ELECTRIC  MACHINE,  commonly  caUed 
the  "  Thunder-pump,"  employed  for  releasing  the  clockwork  mechanism 
of  an  electric  alarum  or  bell.     Used  by  the  Electric  Telegraph  Company. 

[27.]     1846.    ALARUM  WITH  CENTRIFUGAL  HAMMER. 

Used  in  connection  with  Cooke  &  Wheatstone's  first  needle  instruments. 
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MoTed  by  clockwork;  driren  by  a  mainspring;  released  by  an  electro- 
magnet. 

[28.]    SET  OF  JOINTS  EMPLOYED  ON  IRON  LINE  WIRES. 

1842.  Cooke  d  WheataUme's. 

1844.  Beid'8. 

1851.  Claris  «  Britannia"  Joint. 

[29.]    1848,    WHBATSTONE'S    ORIGINAL   FORM    OF    RESIS- 
TANCE COILS  FOR  TESTING. 

[30.]    RAILWAY  SIGNALLING  INSTRUMENTS. 

1845.  Earli/  form  of  train  signalling  apparatus,  devised  by  Cooke, 
and  used  on  the  Norfolk  Railway. 

1854.  Edwin  Clark's  Block  Signalling  Instrument ,  fixed  on  the  London 
and  North  Western  Railway. 

1862.  Presets  Semaphore  Signal,  used  on  the  London  and  South 
Western  Railway. 

[31.]    LIGHTNING  PROTECTORS. 

Selection  of  Lightning  Protectors  used  at  different  periods. 
a.  Latimer  Clark's  Protector. 
h.  Henley's  Protector. 

c.  S.  A.  Yarley's  Carbon  Protector,  or  Lightning  Bridge,  with 
longitudinal  section  of  the  same. 

d.  Varley's  Vacuum  Tube. 

e.  Reid's  Protector 

/.  Twisted  Wire  Protector. 
g.  Tube  Protector,  with  outer  glass  tube. 

A.  Ordinary  tube  protector  used  in  the  Post  Office  Telegraph 
Department. 

t.  Comb  Protector  (exterior  and  interior). 
j.  Modem  Plate  Protector,  with  groores. 
k. 

Old  forms  of  Protectors. 


m.    ] 


n.  Varle/s  Original  Vacuum  Protector. 

o.  Varley's  Vacuum  Protector  (kter  form). 

p.  Cable  Lightmng  Protector,  in  use  by  the  Post  Office  Telegraph 
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Department,  having  in  addition  to  plates  a  metallic  bobbin,  electro-nickel 
plated,  in  connection  with  the  earth.  It  is  wound  with  a  fine  platinum  wire 
covered  with  silk  and  passed  through  melted  paraffine  wax,  the  wire  being 
placed  in  the  line  circuit.  The  metallic  bobbin  is  carefully  lacquered  to 
secure  insulation  in  damp  situations. 

q.  Modern  Plate  Protector  without  grooves,  in  use  by  the  Post  Office 
Tel^rapb  Department. 

[32.]    INSULATORS. 

A  selection  of  insulators  as  used  in  England  at  di£Eerent  periods. 

a.  Iron  wire.  }      W.  F.  Cooke's  original  goose-quill  insu- 

b.  Three-strand  copper,  f  later,  which  was  used  on  the  line  between 
Paddington  and  West  Drayton  in  1838. 

c.  Cooke  &  Wheatstone's  original  ring  insulator  (1840). 

d.  Cone  insulator,  original  form  (1845). 

e.  „  „        later         „ 

/.       „  „        form  for  repairing  broken  insulators. 

g.  Walker's  double-cone  insulator  (brown).    (1850.) 

h.        „  „  „  (white). 

I.  Physick's  insulator  (1847),  in  which  the  bolt  by  which  the  wire  is 
suspended  is  insulated  by  mastic  cement  in  the  cavity  at  the  top  of  the 
insulator. 

j,  Edwin  Clark's  brown  earthenware  insulator,  with  zinc  cap  (1850). 

k.  Do.,  with  groove  for  wire. 

/.  Do.,  glass  instead  of  earthenware. 

m.  (1851)  brown  earthenware. 

n.  „  glass. 

0.  Latimer  Clark's  invert  insulator,  corrugated  (1856). 

p,  Varley's  double-cup  insulator,  fitted. 

q.  Ditto,  in  separate  parts,  1862. 

r.  Varley's  No.  11  wire  double-cup  insulator. 

8.  Brown  earthenware  insulator  called  (Z). 

t.  Jobson's  invert  white,  double  shed. 

u.         „  „  single      „ 

V,  South  Devon  invert  insulator  (brown). 

w.        „  „  „         (white). 

X,  Andrews'  invert  with  ebonite  inner  shed. 

y,        „  „  bolt  tube       „ 

X.        „  „  bolt  tube  and  shed. 
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A,  Ebonite  insolator,  single  shed. 

B.  Old  form  of  shackle. 
(7.  Bright's  shackle. 

D.  Modern  terminal  insulator. 

E.  Cordeaoz's  screw  insulator  (1877). 

[88.]    Head  of  pole,  showing  mode  of  leading  in  and  terminating. 
[84.]     Old  form  of  testing  tablet. 

[85.]    COLLECTION  OF  BATTERIES. 

a.  1844.  Sand  BatUry  in  wooden  trough.  This  battery  was  in  general 
use  in  England  on  the  lines  of  the  Electric  Tel^;raph  Campany  from 
1844  till  1854. 

h.  Sand  Battery  in  Outta  Percha  Trough. 

c.  1853.  Trough  foitn  ofDanielVs  Battery,  This  superseded  the  sand 
battery  and  was  modified  and  introduced  by  Mr.  John  Fuller. 

d.  Chamber  Daniell  Battery.  A  modified  form  of  trough  battery 
introduced  by  Mr.  John  Muirhead  in  1857. 

e.  Small-size  ditto. 

/.  DanielVa  Battery.    As  used  by  the  Postal  Telegraph  Department. 

g.  h.  Bichromate  Battery  {large  and  medium  sizes).  As  used  by 
the  Post  Office  Telegraph  Department,  introduced  by  Mr.  John  Fuller, 
1876. 

t.  Gravity  Leclanche  Battery.  As  used  by  the  Post  Office  Tel^aph 
Department. 

1862.  Varle^s  Secondary  Battery.  Used  for  some  years  in  con- 
nection with  the  time  signals  at  the  central  station.  It  was  charged  by  an 
ordinary  battery  for  about  half  an  hour  previous  to  giving  the  time  signal. 

[86.]    SPECIMENS  OF  SUBMARINE  CABLES  IN  USE  BY  THE 
P.O.  TELEGRAPH  DEPARTMENT. 

a.  Isle  of  Man  (shore  end). 
h.  Wexford,  old  (deep  sea). 

c.  Renter's  (shore  end). 

d.  Beliast. 

€.  Seven- wire,  shore  end.  Modem  type. 
/.  One            ditto  ditto. 

g.  Dublin  (shore  end). 

h.  Seven-wire,  deep  sea.  Modem  type. 
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I.  Wexford  (deep  sea). 

j.  One-wire  (deep  sea).     Modern  type. 

h.  Firth  of  Tay. 

/.  Wexford  (deep  sea). 

m.  North  Lowestoft  (deep  sea). 

n.  Wexford,  old  (shore  end). 

0.  South  Lowestoft  (shore  end). 

p.  Dublin  (deep  sea). 

q.  North  Lowestoft  (shore  end). 

r.  Renter's. 

8.  Channel  Islands  (shore  end). 

t.  Queen's  Ferry. 

u,  Channel  Islands. 


Against  the  North  Wall  at  the  North  West  comer  of  the  Post  Office  Central 

Pavilion. 

30.    Gr.  ir.,  cl.  6, 1478— Gr.  iv.,  d.  8, 1604— Gr.  ir.,  cl.  18, 1620. 

E.  B.  BRIGHT, 

45,  Oerrard  Street,  London. 

Street  Fire  Alarm.  Adopted  in  London  by  the  Metropolitan  Board  of 
Works.  Consisting  of  a  set  of  street  posts  and  wall  boxes  fixed  in 
position  and  connected  by  a  wire,  with  a  set  of  alarm  apparatus  for  a  fire 
brigade  station. 

This  system  of  fire  alarm  works  on  the  principle  of  the  electrical 
balance  and  dispenses  with  all  clockwork  and  intricate  mechanism.  A 
small  electro-magnetic  coil  of  definite  resistance  is  place  in  each  street 
post  or  wall  box,  and  is  brought  into  circuit  by  pulling  the  handle.  This 
increases  the  electrical  resistance  of  the  wire  along  the  streets,  which  had 
been  previously  balanced  by  a  corresponding  resbtance  in  a  rheostat  at 
the  fire  brigade  station,  and  the  needle  of  a  galvanometer  relay  is 
deflected,  ringing  an  alarm  until  the  commutator  handle  on  being  turned 
inserts  an  additional  electrical  resistance,  equivalent  to  that  of  the  alarm 
post,  whence  the  call  has  emanated.  The  locality  of  the  post  is  shown 
on  the  dial  of  the  commutator. 
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If  the  street  wire  is  oat  of  order,  attention  is  immediately  called  to  it 
by  the  station  apparatus  ringing,  on  the  electrical  balance  being  disturbed. 

Self -acting  Fire  A  larm  for  Buildings.  Illustrated  by  a  working  model, 
heat  detectors,  localisers,  and  commutators.  In  applying  this  apparatus 
the  small  heat  detecting  boxes  (about  an  inch  square)  are  placed  on  the 
cornice  or  ceiling  of  each  room  protected.  A  bi-metallic  spring  in  each 
box  is  expanded  on  any  undue  heat  arising,  and  makes  contact  with  a 
screw,  which  can  be  adjusted  to  any  required  degree  of  heat  in  oxoess  of 
the  normal  temperature.  A  small  resistance  coll  in  each  room  enables  the 
locality  of  the  fire  to  be  ascertained,  on  a  commutator  placed  at  the  point  to 
which  the  alarm  is  to  be  communicated,  and  the  disturbance  of  the  electric 
balance  at  the  same  time,  rings  one  or  more  alarm  bells,  as  in  the  street 
fire  alarm  apparatus  already  described. 

Apparatus  for  Neutralizing  Electricity ^  developed  by  friction  during 
the  spinning  of  wool,  hair,  silk,  i^c,  with  a  diagram  in  illustration, 
already  described  in  the  Journal  of  the  Society,  No.  36,  Vol.  x. 

Direct  Acting  Sounder  for  telegraph  purposes.  This  telegraph  in- 
strument can  be  worked  without  any  relay,  by  means  of  ten  Leclanch^  cells, 
through  10,000  B.A.  units  of  resistance. 

Combined  Needle  Instrument  and  Sounder,  In  this  apparatus,  the 
movements  of  the  indicating  needle,  so  largely  used  for  railway  purposes 
in  England,  are  supplemented  by  distinct  sounds. 

Improved  Printing  TeUgi^aph  Instrument,  Von  Hoevenbergh's  patent. 
The  property  of  the  Automatic  Telegraph  Company. 


Against  the  Wall  next  to  Mr,  Brighfs  exhibit. 

3h  Gr.  i.,  cl.  2,  1430— Gr.  i.,  cl.  8,  1461— Gr.  i.,  cl.  4,  1466— 
Gr.  iu.,  cl.  6, 1471-Gr.  iv.,  cl.  6, 1483-Gr.iv.,  cl.  7, 1407 
— Gr.  iv.,  cl.  8,  1612— Gr.  iv.,  cl.  9.  1617— Gr.  iv.,  cl.  13, 
1631. 

MESSRS.  LATIMER  CLARK,  MUIRHEAD,  &  CO., 

Regency  Street,  Westminster, 

Globe  reservoir  battery. 

Daniells'  battery,  in  glass  jar,  complete. 

12-cell  Darnells'  battery,  ordinary  pattern,  slate  partitions. 

Callaud's  gravity  battery,  Daniells. 
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Mmrbead's  10-cell  porcel^n  chamber  battery. 

Muirbead's  10-cell  ebonite  chamber  battery. 

Siemens'  sulphate  battery,  with  paper  pulp. 

Marie  Davie  battery. 

Chester  battery. 

Meidenger's  battery. 

Bichromate  of  potash  battery. 

Muirhead's  platinized  carbon  battery. 

Smee's  battery. 

Groove's  nitric  acid  battery, 

Bunsen's  battery. 

Howell's  patent  battery. 

De  la  Rue's  chloride  of  silver  battery,  small  size. 

Ditto  ditto,  large  size. 

damond's  thermo-electric  battery. 

Copper  and  zinc  plates  for  batteries. 

Porous  cells  for  batteries. 

Perforated  stoneware  cells  for  batteries. 

Carbon  plates  for  batteries. 

Battery  syringe  of  ebonite. 

Acid  pourers,  gutta  percha. 

Insulators,  various. 

Poles,  various  sizes.    Muirhead's  patent  compound  iron  tubular  form. 

Single  needle  instrument,  Post  Office  pattern,  with  drop  handle  and 
Spagnoletti's  undemagnetizable  diaL 

Single  needle  instrument.  Post  Office  pattern,  with  Highton's  key  and 
Spagnoletti's  undemagnetizable  diaL 

Single  needle  instrument,  Indian  pattern,  as  used  in  India  and  the 
Colonies. 

Single  needle  dial^  with  Spagnoletti's  undemagnetizable  needle. 

Single  needle  dial,  with  Yarley's  undemagnetizable  needle. 

Ink  recording  telegraph  instrument  for  terminal  or  intermediate 
stations. 

Belay,  Post  Office  pattern. 

Relay,  Siemens'  pattern. 

Relay,  Muirhead  &  Wmter's  patent,  for  quadruplez  working,  with 
doable  tongue. 

Relay,  American  pattern,  witih  soft  iron  cores. 

Sounder,  Post  Office  pattern. 
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Lamp,  scale  stand,  and  lens  and  stand,  for  Thomson's  mirror  speaking 
galvanometer. 

Condenser,  20  microfarads,  capacity,  subdivided,  liigh  insulation. 

Railway  signalling  block  instrument,  \yinter's  patent. 

Electric  lock  for  signal  point  levers,  Winter  &  Stoney's  patent. 

Lightning  protector,  Belgian  pattern. 

Lightning  protector,  Indian  pattern. 

Lightning  protector,  Maye's  pattern. 

Lightning  protector  for  submarine  cables,  Saunders"*. 

Lightning  protector  for  submarine  cables,  Jamieson's. 

Lightning  protector  for  submarine  cable  and  land  line  connection,  Post 
Office  pattern. 

Lightning  protector  for  submarine  cables,  Eggington's  automatic. 

Smith's  translation  switch  for  submarine  cable  working. 

Saunders'  translation  switch  for  submarine  cable  working. 

Saunders*  translation  commutator,  used  in  connection  with  the 
translation  switch. 

Single  current  transmitting  key. 

Highton's  single  needle  reversing  key. 

Short-circuiting  key,  on  ebonite  pillars. 

Lambert's  charge  and  discharge  key. 

Battery  reversing  key,  on  ebonite  pillars. 

Graham's  British  Association  testing  key. 

L.  Clark's  standard  mercurous  sulphate  element,  E.  M.F.,  1.457  volts. 

Liveing's  patent  fire  damp  indicaf-or  and  measurer,  for  use  in  coal  mines. 

Cable  signalling  key. 

Cable  signalling  key,  Saunders'  improved  pattern,  with  rigid  arms. 

Commutator  board  for  simplex  and  duplex  working  on  cables. 

Short-circuiting  key. 

Single  contact  key. 

AJilERICAN  APPARATUS. 

Combination  set  (key,  relay,  and  sounder). 

Duplex  set. 

Quadruples  set. 

Repeater  set. 

Pocket  relay. 

No.  1  sounder. 

No.  1  key. 
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A  10  by  12  Western  Umon  switch  board. 

Thomson's  mirror  astatic  galvanometer,  on  tripod  stand. 

Thomson's  mirror  astatic  galvanometer,  with  ebonite  coil  frames,  to 
prevent  cross  leakage  at  the  coils,  and  on  hinges,  to  allow  of  easy  access 
to  the  coils  or  needle. 

Same  as  above,  small  pattern. 

Battery  syringe,  brass. 

Marine  galvanometer  for  use  on  board  telegraph  ships. 

Post  Office  resistance  coils,  as  used  by  the  Government  telegraph 
authorities  for  testing  telegraph  lines,  cables,  batteries,  &c. 

Resistance  coil%  1  to  10,000  in  the  aggregate  (small  portable  set). 

Medical  battery,  20  cells,  chloride  of  olver,  and  fittings. 

Quantity  galvanometer,  with  vertical  needle  and  thick  wire  coils. 

Portable  galvanometer  for  linemen,  with  quantity  and  intensity  coils. 

Portable  galvanometer,  brass  case,  jewelled  centres,  1000  ohms 
resistance. 

Single  needle-speaking  detector,  can  be  used  either  for  speaking  or 
testing  purposes. 

Galvanometer,  with  double  shunts.     L.  Clark's  pattern. 

Schwendler's  tangent  galvanometer,  with  two  coils,  and  set  of  shunts 
for  comparing  resistances  and  electro-motive  forces. 

Inductive  resistance,  Muirhead's  patent. 

Kesistance  bridge,  specially  designed  for  balancing  cables  on  Muirhead's 
duplex  system. 

I  unit  rheostat,  used  with  Muirhead's  patent  system  of  duplex  working. 

High  resistance  rheostat,  used  with  Muirhead's  patent  system  of  duplex 
working. 

Pole  changers  or  battery  reversers  for  quadmplex  working  on 
Muirhead  &  Winter's  system. 

Kesistance  coils,  1  to  10,000  ohms,  with  bridge. 

Kesistance  coils: — ^units,  tens,  hundreds,  thousands,  with  rectangular 
blocks,  and  proportional  coils. 

Standard  resistance  coils — 1  ohm. 
10  ohms. 
100  ohms. 
1000  ohms. 

Kheostat,  post  office  pattern,  for  duplex  working. 

Thomson  &  Varley's  slide  resistance  coils,  restored  design. 

Condenser,  standard  ]  microfarad  capacity. 
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Condenser,  standard  i  micro&rad  capacity. 
Condenser,  standard  1  micro&rad  capacity. 

Condenser,  standard  1  micro&rad  capacity,  sub-divided  1,  2,  3,  4  =>  1 
micro&rad. 

One  eccentric  clamp. 

One  pair  of  climbers  and  straps. 

One  splicing  clamp. 

One  splicing  wrench. 

One  Uhlich  soldering  pot. 

AMERICAN  APPARATUS. 

No.  50  hotel  annunciator. 

No.  6  call  ditto. 

No.  6  burglar  alarm  ditto. 

Young  window  spring. 

Lewis  ditto. 

Spear  door  ditto. 

Western  Electric  ditto. 

4-inch  skeleton  vibrating  bell. 

6-inch  ditto. 

4-inch  ditto,  lock  attachment. 

4-inch  ditto,  constant  ringer. 

Compound  push  board. 

Bell  pushes,  various. 

No.  2  electric  pen  outfit. 

Gamewell  fire  alarm  box. 

8-inch  gong. 

Call  box. 

4-wire  arm,  disk,  spring  jack. 

Union  swivel  screw. 

Wire  stay. 

Stay  rod,  8|  feet  long. 

Stay  rod  for  iron  pole. 

Pole  bolts. 

Draw-vice  and  key. 

Draw-tongs. 

6-inch  cutting  pliers. 

8-inch  ditto. 
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Soldeiing  irons, 

Fletcher's  patent  soldering  tool. 

Joint-twisting  tooL 

Gun-metal  muff  for  wire  jointing. 

Spanish  spoon. 

One  set  of  contact  rods. 


North  West  comer  of  (he  Table  standing  at  the  North  West  of  the  Post 
Office,  Central  Pavilion. 

32.  Gr.  iii ,  cl.  5.,  1476— Gr.  iv.,  cl.  12, 1527. 

SIR  WILLIAM   THOMSON, 

The  Uttiversitjff  OUugow, 

Absolute  electrometer.  For  description  see  British  Association  Report 
for  1867,  Committee  of  Standards  of  Electrical  Resistance,  or  Thomson's 
Reprint  of  Papers  on  Electro* Statics  and  Magnetism.  Maker,  James 
White,  241,  Sauchiehall  Street,  Glasgow. 

Quadrant  electrometer.  For  description  see  British  Association  Report 
for  1867,  Committee  of  Standards  of  Electrical  Resistance,  or  Thomson's 
Reprint  of  Papers  on  Electro-Statics  and  Magnetism.  Maker,  James 
White,  241,  Sauchiehall  Street,  Glasgow. 

Improved  mariner's  compass,  with  sim  and  star  azimuth  mirror  and 
binnacle  containing  correctors  for  quadrantal,  semi-circular,  and  heeling 
errors.  See  instructions  which  accompany  the  instrmnent.  Maker,  James 
White,  241,  Sauchiehall  Street,  Glasgow. 

33.  Gr.  It.,  cL  10.,  1620. 

J.  Pl.  RUDGE, 

1,  New  Boud  Street  Place,  Bath. 

MAGNETO-ELECTRIC  FLESH  RUBBER  OR  BRUSH. 

A  Siemens'  armature  is  made  to  rerolve  between  the  poles  of  a 
magnetised  steel  frame  by  means  of  oog  wheels.  To  the  axis  of  the  prin- 
cipal wheel  is  attached  a  circular  rubber  made  of  felt,  or  a  brush  of  fine 
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silver  wire.  The  rubber  is  first  to  be  drawn  through  a  plate  coutainiD^ 
water,  and  then  drawn  over  the  part  where  the  electricity  is  to  be  applied. 
By  this  means  a  gentle  current  is  obtained,  which  is  very  beneficial  for 
medical  purposes.  It  can  be  used  by  the  patient  without  any  assistanoe, 
it  is  very  portable,  and  can  be  carried  in  the  pocket,  supplying  a  want 
long  felt  by  the  medical  profession. 

34.     Gr.  iv.,  cl.  6-.Gr.  iv.,  cl.  18. 

C.  E.  SPAGNOLETTI,  M.I.C.E., 

Great  Western  Railway  Station,  PaddingUm,  London, 

ELECTRICAL  FIRE  ALARM. 

For  giving  immediate  information  of  an  outbreak  of  fire,  at  or  near  any 
given  street,  or  place,  to  the  dep6t  where  the  engines  are  kept. 

This  system  consists  of  an  apparatus  fixed  in  tha  engine  dep6t,  imd 
worked  from  various  given  outlying  stations,  one  line  wire  is  only  required, 
a  constant  current  is  always  on  the  wire,  so  that  it  is  always  under  test,  imd 
proved  correct.  Any  accident  to  the  wire  at  once  causes  a  bell  to  ring, 
and  thus  reports  itselE  defective. 

In  the  engine  house  is  fixed  a  dial  with  a  pointer  travelling  round  it, 
like  the  hand  of  a  clock.  The  dial  is  divided  into  divisions,  and  each 
division  shews  the  name  of  a  street  or  place,  a  bell  and  galvanometer  is 
attached,  the  latter  b  always  deflected,  a  plunger  is  attached  to  the  instru- 
ment for  resetting  the  pointer,  and  which  at  the  same  time  acknowledges 
to  the  station  sending  the  alarm  the  receipt  of  its  signal. 

The  apparatus  at  the  outlying  station  is  a  box  containing  a  bell,  and  a 
metal  ball  that  rolls  down  an  inclined  plane,  making  contact  as  it  runs, 
ahd  sending  currents  which  act  on  the  dial  apparatus  at  the  engine  dep6t| 
so  that  in  case  of  fire  the  handle  has  but  to  be  lifted,  and  the  ball  at  once 
begins  to  rolL  This  sets  the  bell  ringing  at  the  engine  house,  and  the 
pointer  to  work,  and  it  stops  pointing  to  the  street  from  whence  the  alarm 
was  given.  At  the  engine  house  the  plunger  is  pushed  in  which  resets 
the  pointer  of  the  dial  instrument,  and  rings  the  bell  in  the  box  at  tlie 
place  the  alarm  was  sent  from.  On  receiving  this  the  man  sets  his  ball 
again,  and  this  resets  the  galvanometer  and  stops  the  ringing  of  the  bell 
at  the  engine  house,  thus  giving  notice  that  he  has  reset  the  ball  ready 
for  another  signal,  and  that  all  is  in  perfect  order  again.  This  is  under 
the  consideration  of  the  London  authorities. 
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INDUCED    NEEDLE    FOR    NEEDLE    TELEGRAPH    INSTRU- 
MENTS. 

About  60y000  of  these  are  now  in  use.  It  efiEectually  prevents  a 
magnetic  needle  from  the  efiEects  of  lightning,  getting  weak,  neutralized  or 
rerersed,  the, signals  are  very  strong,  and  the  beat  of  the  needle  precise 
and  distinct. 

Permanent  magnets,  so  placed  outside  the  coils  as  to  induce  magnetism 
into  the  inner  soft  iron  needle,  which  is  divided  in  its  axle  by  a  piece  of 
brass  to  divert  the  magnetism  to  its  proper  place.  The  inner  needle  being 
of  soft  iron,  and  being  induced  by  the  outer  magnets,  can  never  be  dis- 
charged, and  therefore  always  remains  the  same.  Delays,  expense  of 
labour,  and  repairs  to  instruments  are  saved,  and  broken  pivots  avoided. 
It  is  now  nearly  generally  used  on  all  railways,  and  in  the  Colonies,  and 
the  Government  have  some  on  trial. 

ELECTRICAL  LOCKING  OP  RAILWAY  SIGNAL  LEVERS. 

By  this  system  the  starting  signal  lever  is  unlocked  by  the  station  in 
advance,  before  it  can  be  pulled  over  to  lower  the  semaphore  arm  for  an 
engine  driver  to  start.  The  operation  is  this :  suppose  A  and  B  to  be  two 
stations  and  a  train  is  waiting  at  (or  approaching  if  a  fast  train  to  pass)  A, 
tiie  signalman  rings  a  bell  by  a  certain  code  to  B,  signifying  "  take  lock 
off  lever,"  B  replies  by  returning  the  same  code  on  the  bell,  and  takes  the 
lock  off ;  an  indicator  at  A  shows  him  '*  lock  gBL"  The  signal  is  lowered 
then  by  A  for  the  train  to  depart,  and  is  put  to  ''  danger  "  again  after  the 
train's  departure  to  protect  it  from  a^ollowing  train,  and  by  this  act  the 
lever  is  again  locked ;  it  can  only  be  unlocked  by  B,  and  B  cannot  unlock 
it  again  until  the  train  has  arrived  at  the  given  point  at  his  station 
required  to  reset  the  apparatus  Modified  arrangements  of  this  system 
are  made  for  working  large  yards,  where  shunting  operations  incessantly 
occur,  for  the  prevention  of  accident  and  damage  to  stock. 

The  system  consists  of  lever  lock,  a  catch  and  discharge  apparatus,  a 
plunger,  key  or  button  for  working,  and  a  resetting  apparatus. 

It  is  being  fitted  on  the  Great  Western  Railway,  and  apparatus  is 
being  made  for  putting  it  on  the  Metropolitan  Railway,  London. 

SPAGNOLETTrS  BLOCK  TELEGRAPH  INSTRUMENTS. 

As  used  in  England  on  the  Metropolitan  Railways  and  Great  Western 
Railway,  &c.,  in  the  Dutch,  Rhenish,  Holland,  and  in  South  Austialia. 
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This  instnunent  always  ehews  the  oonditioii  of  the  linet  whether 
'^  clear"  or  blocked,  train  on  line;  it  self  r^^isters  the  ezhansdon  of  the 
battery,  thereby  giving  a  signalman  three  or  four  days*  notice  that  tae 
battery  power  requires  attention,  and  also  any  defect  to  the  line,  wire, 
instruments,  &c.  It  is  simple  in  construction,  not  easily  deranged,  and 
very  simple  to  work.  It  is  adapted  for  three  line  wires,  tWo  line  wires, 
and  one  line  wire.  It  can  be  worked  on  the  permanent  current  system  or 
otherwise.  The  pressure  of  the  red  key  with  red  table  produces  the  red 
signal,  ''train  on  line,''  and  the  white  key  with  the  white  table  the  white 
signal ''  line  clear."  The  colours  assimilate  the  tel^raph  signals  with  the 
ordinary  visual  signals  used  on  a  railway  by  day  and  night.  A  bell  is 
used  in  conjunction  with  this  instrument,  by  which  certain  codes  are 
sent  and  returned,  conforming  the  working  of  the  instrument,  which  adds  to 
safety  in  working  a  railway.  This  system  of  working,  and  of  colouring 
instruments^  has  since  become  general. 

86.    6r.  iT.|  cL  8, 1610. 

EILLINGWORTH    HEDGES, 
25,  Quun  Am^9  Oate^  TFefAnrntfer,  S.W. 

1.  A  Hedges'  patent  electric  lamp,  in  which  the  carbons  fiill  by  gravity 
down  two  inclined  troughs  on  to  a  block  of  refractory  material,  which 
considerably  augments  the  brilliancy  and  improves  the  colour  of  the  light 
Samples  of  blocks. 

2.  A  Hedges'  patent  focussing  electric  lamp,  of  simple  form,  in  whidi 
the  positive  carbon  is  supported  by  means  of  a  smaller  carbon  meeting  it 
at  or  near  the  point,  the  negative  being  held  up  by  means  of  a  stop.  The 
lamp  will  take  carbons  2  feet  in  length,  the  resistance  being  al?rays  the 
same,  as  the  current  enters  at  the  lower  end  contact  The  separation  of 
the  carbons  is  effected  by  means  of  an  electro-magnet. 

8.  A  patent  differential  lamp,  similar  to  the  above,  but  separated  by 
means  of  a  solenoid  with  novel  form  of  core  and  high  resistance  magnet, 
arranged  to  neutralize  action  of  same. 

4.  Pointed  iron  weights,  for  insertion  in  the  troughs  of  Hedges'  lamps, 
for  the  purpose  of  enabliog  the  short  lengths  of  carbon  to  be  used. 

5.  The  Electric  Light  Supply  Company's  standard  form  of  patent  two- 
way  switch,  in  which  sparking  is  reduced  to  a  minimum,  and  the  weariDg 
sur&ces  can  be  adjusted. 
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.6.  Devialor  and  eleotrio  light  indicator^  aa  deaigned  lor  use  in  the 

^Xjijerpod  Docks.    The  deviator  enable  the  current  from  a  spare  machine 

to  be  inatanteneouslj  awitched  on  to  any  circuit  where  the  current  is  f oui^d 

.  to  fail.     The  indicator  shows  on  which  circuit  this  takes  place  and  rings  a 

bell  when  the  current  ceases. 

7.  Drawings  and  photographs  of  Hedges*  lamps,  arraxigement  of  por- 
table electric  lighting  tackle,  with  special  fiictional  driving  gear,  and  stan- 
dard aelf-si^)porting  beacon  posts,  as  used  in  the  Liverpool  Docks. 

S6,    Gr.  iv.,  cl.  7, 1601. 

C.  J.  WOLLASTON, 

28,  Si.  P9Ur§}mrg  Place,  Bayswater.  London. 

Portable  naval  and  military  loud-speaking  telephones,  used  by  tlie 
British  Government  Naval  and  Military  Authorities.  ^ 

37.    Gr,  L,  ol.  2, 1437— Gr.  1,  cl  8, 1448— Gr.  iii.,  d.  6, 146a     ' 

COXBTER  ft  SOU, 

2Sand24j  Oraftcn  Street  Eatt,  Tottenham  Court  Road, 

MEDICAL  BATTERIES. 

Components: —Zinc;— platinum,  and  peroxide  of  manganese,  &c., 
charged  with  chloride  of  anunonium. 

The  fluid  capacity  of  each  ceH  is  fully  equal  to  l^t  of  the  Leclanchg 
medical  cell,  but  a  battery  of  corresponding  number  of  cells  occupies 
conaderably  less  space ;  they  are  therefore  really  portable,  and  theelectrp- 
motive  force  and  constancy  are  everything  that  can  be  desired. 

These  cells  are  used  either  for  galvanic  batteries  or  for  working  coils. 

ACCESSORIES. 

Collector.^^This  is  so  constructed  that  it  is  impossible  for  any  portion 
of  the  battery  to  remain  short  circuited,  but  it  allows  of  increase  or 
decrease  of  current  strength  without  interruption  of  the  current. 

A  new  plan  is  also  introduced  which  allows  of  the  cells  being  equally 
worked ;  this  has  only  hitherto  been  accomplished  by  employing  two  dials. 

Oalvanometer.^^Tlna  is  fitted  into  the  lid  of  the  case  and  is  the  most 
sensitive  vertical  galvanometer  hitherto  constructed.    When  the  circuit  is 

b  2 
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oompkted  with  the  patient  it  shows  by  the  deflection  of  the  needle  the 
actual  amount  of  current  strength  marked  approximately  in  Millerebers. 
An  adjunct  specially  serviceable  in  diagnosis  is  a  lever  that  is  moved 
forward  (by  means  of  a  screw  head),  and  which  acts  at  will  as  a  stop  to 
prevent  the  needle  &lling  back  to  zero  at  each  interruption  of  the  current ; 
the  swinging  of  the  needle  is  thus  prevented  and  the  deflection  noted 
instantaneously, 

Bheoatat^^TbB  graduation  of  strength  in  the  induced  current  is 
obtained  by  a  rheostat  attached  to  the  element  board  of  the  coils. 

The  batteries  are  made  up  in  various  sizes  and  s^les,  the  newest 
arrangements  being  in  Combination  batteries.  The  most  important  of 
these  combines  in  one  case  a  60-cell  galvanic  battery,  a  coil  battery,  and 
a  delicate  galvano-caustic  battery,  all  worked  by  the  same  elements, 
arranged  so  as  to  be  worked  either  for  quantity  or  intensify  by  a  veiy 
simple  contrivance. 

88.  LATIMER  CLARK  &  MUIRHEAD, 

24,  Regency  Street,  Weetmmeterf  London. 

Trophy  of  Telegraph  Insulators  in  the  centre  of  this  Table. 


Table  due  South  of  the  laet.    North  West  comer. 

89.    Or.  iv.,  cL  10, 1619. 

J.  L.  PULVERMACHER, 

194,  Regent  Street^  London,  and  68,  Rue  Chabarol,  Paris. 

High  tension  voltaic  chain  battery  of  novel  construction  and  of 
instantaneous  action,  with  reetorable  zinc  elements. 

Pocket  voltaic  batteiy,  for  medical  use. 
„  „  „        for  private  use. 

Electrolytic  dosometre,  an  instrument  for  measuring  small  quantities 
of  electricity. 

Electro-Fhynological  chain  bands  for  dry  application. 

Safety  ftstening  electrodes. 
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Electrode  fledi  bnub  and  hair  ditto. 
Ditto        tooth  brash. 
Ditto        fllippen. 
Ditto        Mfetjr  fiutening  pads. 

Ditto  tiflfoe  iheeting  for  diirnmng  high  tendon  eleetrict^  to  pennns 
whilst  lying  in  bed. 

40.  6r.  ii.,  cl.  4, 1466. 

THE  WHITBCROSS  WIRE  AND  IRON  CO.,  Limited, 

Two  coib  of  telegraph  wire  as  supplied  to  the  Englishi  Indian,  and 
Colonial  Goyeraments,  mana&ctnred  solely  in  their  patent  rolling  mills 
and  finished  bj  special  appliances.  Weight  of  pieces,  150  lbs.  without 
weld  or  joint.  Binding  wires  for  telegraph  use,  and  sample  coil  of  special 
homogenous  wire  for  submarine  cables. 

41.  Gr.  i.,  cL  2, 1448— 6r.  il,  d.  4, 1462. 

JAMES  STIFF  &  SONS, 

Lomdon  Pottery^  Lambetk^  LandaiL 

VABIOUS  POBOUS  CELLS  AND  STONEWARE  BATTERT  JARS. 

Specially  adapted  to  each  other;  the  porous  cells  made  in  all  sixes, 
with  glased  upper  edges. 

Flat  porous  plates,  all  sixes. 

Flat  porous  linings  in  red  and  white  ware. 

The  stoneware  insulators  are  thoroughly  yitrified  and  made  in  all  the 
usual  shapes. 

Models  of  condensing  coils,  receiyers,  retorts,  stills,  dip  arms,  acid 
pans,  plumbago  crucibles,  and  all  kinds  of  stoneware  chemical  apparatus 
special^  suited  for  electrical  and  telegraphic  purposes  are  also  shown. 

42.  Gr.  ii.,  cL  4, 1467— Gr.  vi.,  cL  16, 1649. 

R.  S.  NEWALL  &  CO., 

180,  Strand,  Lofudotn,  W.C. 

Samples  of  early  submarine  cables  from  1851  to  1858. 
Samples  of  copper  cords  for  electric  lighting. 
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Samples  of  copper  rope  and  ribSon  lightnmg  conductors. 

Samples  of  iron  rope  and  ribbon  lightning  conductors. 

Points  and  &stenings  for  aboye. 

Anderson's  portable  galvanometer  for  testing  lightning  conductors. 

43.  Gr.  iy.,  d.  8, 1606. 

S.  COHNE, 

-       W^  Grfic$churck  JStre^tf  London. 

1.  An  electric  lamp  of  a  sbaple  ooniBtruction,  based  on  hydrostatic 
principals.  No  mechanism^  and  is  not  easily  to  be  put  out  of  order,  and 
of  a  yery  cheap  cost. 

2.  Transparent  globe,  allowing  the  light  to  traverse  without  being 
hurtful  to  the  eyes.  It  is  based  on  physical  law.  When  the  light  passefl 
from  one  medium  to  another  there  is  a  partial  reflection. 

8.  Carbons  emanating  a  white  and  steady  light,  as  the  ordinary 
carbons  in  use. 

44.  Gr.  i.,  cL  8,  l^rtp-^Qr.  iii^^  cU  5,  1467— Gr.  iv.,  d.  6,  1476— 

Gr.  iv.,  cl.  7, 149& 

BUiKEY,   RMMOTT   «  GO., 

Sfume  Road,  Balifiufy  England. 

1.  Single-needle  block  instrument. 

2.  Warburton  &  Crossley's  patent  bell  tnatrument* 
8.  Warburton  &  Crossley's.  patent  relay. 

4;.  Qrosfd^'s  transmitter,  in  glass  case. 

5.  Crossley's  transmitter,  with  magnetic  case  bell  and  generatoxv 

6.  An-lS-in.  plate  electtniial  B^aclune. 
7*  Kompe's  electrical  speed  indicator. 

46.  NEWALL  ft  CO., 

180,  Strand,  London,  W.C. 
Trophy  of  Lightning  Conductor  Stands  in  the  centre  of  this  Table. 
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Table  West  of  the  preceding. 

46.    Gr.  i.,  d.  a,  1446. 

BRITISH  ELECTRIC  LIGHT  CO., 

Haddon  Street,  Eegent  Street,  London. 

Electric  arc  and  incandescent  lamps. 

Vaiiotia  ^)pairatiui  for  use  in  electric  lig^tnix^,  &e. 


Stand  at  the  centre  of  the  West  End  of  the  British  General  Section. 

47.    Gr.  iii.,  cl.  5, 1469— Gr.  ir.,  cl.  5, 1479. 

MESSRS.  ELLIOTT  BROTHERS, 

101,  St.  Mortifies  Lane,  London,  W.C. 

Exhibit :  Various  galyanometersy  resistance  coils,  condenserS|  electro- 
meters, keys,  switches,  &c.,  for  electrical  purposes. 


North  of  Messrs.  Elliotfs  Stand. 

48.    Gr.  i.,  cl.  1, 1486. 

A.  APPS, 

433,  Strand,  London. 

Induction  coil,  giving  a  spark  in  air  3  feet  and  a  half  in  length. 
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Table  South  JVe$t  of  Meatra,  Ellwlfs  Central  Stand. 

49.    Gr.  i.,  d.  2, 1441— Gr.  iii.,  ol.  6, 1474— Gr.  iv.,  d.  6, 1488— 
Gr.  iv.,  cL  11, 1622. 

R.  SABINE, 

Cromumi  Hou»e,  Hampton  Wieh,  London, 

MOVBBiENT  PRODUCED  IN  MERCURY  SURFACES  BY 
ELECTRO-CHEMICAL  ACTION. 

The  purpose  of  this  apparatus  is  to  demonstrate  that  the  currents 
which  have  been  observed  by  moving  mercury  electrodes  are  due  to  dif- 
ferent d^ees  of  oxidation  of  the  exposed  surfaces ;  and  that  the  movement 
of  mercury  globules  in  capillary  and  other  tubes  when  traversed  by  currents 
is  due  to  rotary  motion  set  up  through  rapid  oxidation  and  deoxidation  of 
different  points  of  the  sur&ce,  and  not  to  changes  of  capillary  constant  as 
has  been  erroneously  supposed. 

GALVANIC  ELEBiENT,  CONSISTING  OF  SELENIUM  PLATES 

IN  WATER. 

When  a  galvanic  element  is  made  up  of  two  similar  plates  of  crystal- 
lized selenium  immersed  in  water,  and  light  is  allowed  to  fall  upon  one 
of  them,  the  plate  which  is  illuminated  becomes  electro-negative  to  the 
plate  which  is  in  the  dark.  The  elements  shown  each  consist  of  a  single 
plate  of  selenium  forming  a  separation  between  two  water  cells  with  lead 
electrodes,  light  being  allowed  to  fall  on  one  side  or  the  other  of  the  plate. 
The  purpose  of  this  construction  is  to  lessen  the  resistance. 

APPARATUS  FOR  DETERMINING  THE  CONTOUR  OP  WAVES 
IN  TELEGRAPH  CABLES. 

This  apparatus  conmsts  of  a  rotating  chronoscope  which  acta  upon  two 
small  contact  keys.  The  first  key  reverses  the  current  on  starting  the 
apparatus,  and  the  second  key,  which  is  moved  after  a  determined  interval, 
removes  an  accumulator  from  a  given  point  in  the  cable  and  discharges  it 
through  a  galvanometer.  In  this  way,  by  repeated  experiments  with  dif  • 
ferent  intervals,  the  time  is  found  which  the  neutral  point  due  to  the 
reversal  of  the  battery  takes  to  travel  through  a  given  length  of  cable. 
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LANTBBN  SLIDE,  WITH  ASTATIC  OALVANOHBTBB. 
This  18  arranged  for  use  with  a  Sciopticon.    It  prqjaota  the  image  o£ 
a  straight  photographed  scale  upon  the  screen,  the  indication  bemg  given 
by  the  shadow  of  an  arm  carried  by  the  astatic  needle. 

COMMUTATOE  FOE  FOUE  CIBCUITS. 

This  was  constructed  for  experiments  in  which  it  is  required  to  very 
quickly  change  two  or  ibur  circuits  from  series  to  pareDel.  By  the  nmple 
rotation  of  the  barrel  through  a  small  angle,  ibur  circuits  (such  as  galyaao* 
meter  coils  or  elements)  can  in  an  instant  be  placed  in  series,  or  two  and 
two,  or  all  parallel. 

APPARATUS  FOE  DBTEEMINING  VERY  SHOET  INTERVALS 

OF  TIME. 

This  system  is  based  upon  the  known  law  of  discharge  of  electrically 
charged  bodies  through  resistance.  It  consists  of  an  accumulator  of 
known  capacity  and  a  coil  of  known  resistance.  The  accumulator  is  first 
chaiged  and  then  allowed  to  discharge,  during  the  interval  which  is  to  be 
measured,  through  the  resistance.  The  residue  of  charge  compared  with 
the  initial  charge  enables  the  interval  to  be  exactly  calculated.  Thus  the 
time  of  contact  of  a  hammer  striking  upon  an  anvil  is  found  to  be 
0.00005  second. 

ARRANGEMENT  OF  TESTING  APPAEATUS. 

In  this  arrangement  a  discharge  key  is  used,  the  three  points  of  which 
are  introduced  into  the  Wheatstoue  Bridge  system  in  such  a  way  that 
either  (1)  Insulation,  (2)  Discharge,  (8)  Constants,  lor  (4)  Copper  resist- 
ance can  be  measured  with  a  simple  set  of  apparatus  without  changing  any 
connections  and  without  the  employment  of  commutators.  All  the  con- 
nections are  made  in  the  air  by  thick  wires  which  are  visible. 

60.    Gr.  iv.,  cl.  6, 1480. 

EXCHANGE  TELEGRAPH  CO., 

17,  and  18,  Comhill,  London. 

The  apparatus  exhibited  by  the  Exchange  Tel^;raph  Company  consists 
of  a  number  of  type  printing  telegraph  instruments  connected  with  and 
w(»rking  from  a  transmitter. 


The  recdv^  doatailul  a  tjrptf  tvKeti,  which  i0  wWed  Irffovsente  in 
altemftte  &«otioii0,  traiinnitted  bj  tteami  of  »  oommatator  in  die  tmoB- 
mitter  working  throogfa  rebya.  The  impubeB  whieh  cause  votatioa  of  the 
type  wheel  are  too  ra^d  to  permit  of  the  action  of  the  antomatic  switch 
which  controls  the  action  of  the  printing  mechanism,  on  account  of  the 
period  of  yibration  of  the  automatie  switch  being  mnxsh  slower  than  that 
of  tiie  type  pn^^elment. 

A  pause  in  the  transmission  of  dM  alternate  oncrents  determines  the 
aeden  of  this  part  of  the  mechanism^  and  causes  the  printing  to  be  efEected. 

Bynchronism  between  different  instruments  in  a  circuit  is  obtained  by 
means  of  a  lever,  which  is  carried  by  the  motion  of  the  type  wheel  into 
the  path  of  a  projection  from  the  escapement  axis,  and  eventually  arrests 
its  rotation.  This  detent  is  removed  and  replaced  at  its  starting  point 
every  time  a  pause,  which  causes  printing,  takes  place,  and  thus  enables 
the  transmitting  operator  to  set  the  wheels  at  zero  at  any  time. 

The  instruments  are  o<Hi8tructed  by  Messrs.  Elliott  Bros.,  and  are  the 
invention  of  Mr.  F.  Higg;bs,  Engineer  to  the  Exchange  Telegraph  Company, 
Limited,  17  and  18,  Cornhill,  London,  E.C. 

61     Gr.  i.,  cl.  2,  1442— Gr.  iv.,  el.  7,  1600— Gr.  iv.,  cl.  8,  1613-^ 
6r.  iv.,  cl.  12, 1528— Gr.  iv.,  cl.  18, 163S. 

THE  SCIENTIFIC  TOY  AND  GENERAL  NOVELTY 

CO., 

Kirkwood  Road,  Peckham,  London^  S.E, 

1.  Inexpmmve  Toys  for  ikt  iMtruction  and  amusemerU  ofythtth. 
Boxes  of  apparatus,  conprising  horseshoe  and  bar  magnets,  compassi 

magnetic  fish,  &c.,  and  book  of  experiments. 

Boxes  of  apparatus,  comprising  Electrophorus,  Leyden  jar.  Electro- 
scope Discharger,  insulated  table,  with  balls,  <&c.,  and  book  of  experiments. 

A  model  electric  himp,  automatic  action,  consuming  **  Renier  "  carbons, 
bums  two  hours  without  attention,  with  instructions  for  constructing 
battery  for  working  same. 

2.  Cheap  Apparatus  for  Children  and  Beginners, 
Bichromate  Fuller  Bunsen  and  other  batteries. 

8.  The  Oalvanaphone,  or  Electric  Songster, 

A  small  transmitter  conveys  vocal  and  other  musical  sounds  to  tlu* 
galvanophone  (another  snudl  instrument),  which  reproduces  the  samo 
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greatly  increased  in  yolame  and  etfect,  thiiB|  a  tong  softly  hummed  at  one 
end  is  multiplied  and  literallj  roared  oat  at  the  otlier. 

Comic  N'otioM  in  Perpetual  Motions, 

A  small  ornamental  cabinet  which  requires  neither  clockwork,  spting, 
wire  connections,  galvanic  pile,  nor  battery  of  any  kind,  but  is  complete  in 
itself,  and  which  causes  all  inanimate  objects  placed  on  the  top  of  the 
cabinet  to  become  apparently  instantly  endowed  with  life.  The  objects 
comprise  comic  heads,  birds,  figures,  <&c. 

62,     6r.  iv.,  d.  8. 

ROWATT  &  FYFE'S  ELECTRIC  CO.,  LIMITED, 

52,  Queen  Victoria  Street,  London,  E.C. 

TBffi   PIL8BN   ARC  LAMP    (PIBTTB    &   KRIZIK'S    PATENT), 
EXfflBlTBD  BY  JAMBS  PYPB. 

This  lamp  effects  automatically  the  regtil&tion  of  the  distance  of  thd 
carbons  without  the  aid  of  clockwork  or  other  like  mechanism  by  the  use 
of  solenoids  haying  special  cores,  such  solenoids  and  cores  being  applicable 
where,  as  in  electric  lamps,  uniformity  of  attractive  force  has  to  be 
maintained  throughout  a  oensldeteUe  length  of  stake.  .  Two  solenoid 
coils  are  placed  end  to  end,  with  their  axes  in  the  same  straight  line,  and 
with  one  iron  core  firee  to  slide  lengthwise  within  both,  this  core  carrying 
at  its  end  one  of  the  carbons  of  the  lamp,  and  beii^  balanced  when  it  is 
Yertical,  or  running  on  rollers  when  it  is  horizontal.  The  one  solenoid 
coil  of  low  resistance  is  in  the  lamp  circuit;  the  other  of  high  resistance 
is  in  a  branch  circuit  connecting  the  conductors  to  and  from  the  lamp. 
The  core  is  so  shaped  that  so  long  as  the  two  solenoids  exert  equal 
attractive  forces  it  remains  stationary,  notwithstanding  that  it  may  have 
been  previously  moved  lengthwise,  so  as  to  extend  further  into,  or  through 
the  one  coil  than  the  other;  and  in  order  that  it  may  have  this  property 
it  is  made  with  the  mass  of  its  metal  reduced  towards  the  ends. 

Twenty  Pilsen  arc  lamps  will  be  shown  at  the  Paris  Exhibition, 
worked  by  Schuckerf  s  dynamo  machines.  Bach  lamp  estimated  at  what 
'  is  popularly  known  as  2,000  candles. 

JOBL'S  INCANDBSCENT   ELBCTRIO   LAMP,  BXHIBITED   BY 

JAMBS  FYFB. 

In  this  lamp  the  light  is  produced  by  the  heating  to  incandescence  of 
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the  end  of  a  thin  carbon  rod  or  penoUy  iriiioh  fbrmi  one  eleotrode,  and 
whioh  is  oontinaoualy  fed  through  QMoial  and  ample  contact  jawa  agamst 
a  fixed  cylinder  of  copper  forming  another  electrode.  The  length  of 
carbon  between  the  jawa  and  the  copper  cylinder  ia  about  f  inch,  and  from 
thia  the  light  emanatea,  chieflj,  howoTeri  at  that  part  near  the  fixed  cylin- 
der, where  it  becomea  pointed  by  the  action  of  the  current,  and  therefore 
more  intenaely  heated.  In  addition  to  the  light  produced  by  the  inean- 
deacence  of  die  carbon,  there  ia  alao  the  glow  or  flame  from  the  aidea  of 
the  burning  carbon  to  the  copper  electrode,  aimilar  to  the  flame  of  an  arc 
light— the  light  thua  taking  an  intermediate  poaition  between  the  purely 
incandeacent  ayatem  of  Ediaon  and  the  arc  lamp  of  Serrin. 

In  the  forma  to  be  ahown  at  the  Paria  Exhibition,  the  lampa  are 
arranged  for  auapenaioD,  such  as  firom  the  roof  of  an  office,  or  a  room,  aa 
well  aa  in  the  form  of  a  atandard  lamp  resting  on  the  floor,  or  on  the  top 
of  an  office  table.  In  the  latter  caae  the  copper  electrode  ia  vertically 
above  the  carbon.  In  either  form  the  introduction  of  fresh  carbona  ia  a 
very  simple  and  eaay  matter.  The  current  for  two  aeta  of  the  twenty  "  Joel  '* 
lampa  will  be  worked  by  two  of  Siemai*B  D  2  machinea  running  at  700 
revolutiona  per  minute,  generating  from  20  to  80  webera. 

53.    Gr.  iL,  d.  4, 1634^Gr.  vi.,  d.  16.  666. 

SUBMARINE  TELEGRAPH  COMPANY, 

2,  ThrogmorUm  Avenue^  London, 

Specimens  of  telegraph  cables  belonging  to  these  companies  which 
have  been  laid  down  between  England  and  France  and  England  and  other 
parts  of  the  continent  of  Europe. 

Specimens  of  cables  which  have  been  broken  by  the  dragging  of  ships' 
anchors  or  injured  from  other  causes. 

Specimens  of  cables  whose  exterior  iron  wires  have  been  destroyed  by 
oxidation. 

Specimens  of  the  experimental  wire  covered  with  gutta  percha  only  and 
of  the  first  iron-covered  cables  laid  down  by  the  companies  between  CSalaia 
and  Dover  and  Oatend  and  Dover  in  1851  and  1852. 
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54.    Gr.  iii.,  cL  6, 1468— Gr.  iv.,  d.  8, 1603— Gr.  rv.,  d.  12, 1623— 
Gr.  iv.,  d.  18, 1636— Gr.  v.,  d.  14—1636. 

W.  E.  AYRTON  &  JOHN  PERRY, 

68,  Sloan$  Sir$et,  London. 

1.  PORTABLE  ELECTRIC  LIGHT  CURRENT  GALVANOMETER, 

Measures  directlj  in  webers  the  strongest  dectric  light  currents, 
without  calculation  or  reference  to  anj  table;  it  is  very  '^dead-beat.'' 
The  accuracy  of  its  reading  can  at  any  moment  be  checked  by  the  em- 
ployment of  only  a  single  cdl  in  the  following  way: — ^the  thick  wire  coiled 
round  the  needle,  and  through  which  the  electric  light  current  circulates, 
is  in  reality  a  strand  or  little  cable  composed  of  ten  insulated  wires,  and 
which  are  usually  joined  in  multiple-arc  by  means  of  the  little  commutator 
seen  in  the  figure.  But  by  one  quarter  turn  of  this  commutator  the  wires 
are  joined  in  series,  and  now  any  deflection  is  produced  by  exactly  one- 
tenth  of  the  current  previously  producing  the  same  deflection.  To  check 
then  the  value,  in  webers,  of  a  current  producing  any  deflection,  we  have 
merdy  to  ascertain  the  strength,  in  webers,  of  the  weak  current  producing 
the  same  deflection  when  the  wires  are  in  series,  or  indeed  any  other  de- 
flection will  do  equally  well,  since  the  coils  have  such  a  form  given  to  them 
that  the  strength  of  a  current  is  directly  proportioned  to  the  deflection  it 
produces.  (Maker  of  this  and  the  following  four  exhibits,  Messrs.  Paterson, 
76,  Little  Britain,  London.) 

2.  DISPERSION  PHOTOMETER 

Indicates  directly  by  the  readings  on  the  scale  the  candle  power  of  the 
brightest  dectric  light.  The  dectric  light  and  photometer  may  be  dose 
together,  as  the  weakening  of  the  bright  light  is  performed,  not  by  distance 
but  by  the  employment  of  a  very  thin  concave  lens,  the  position  of  which 
is  adjustable.  Hence  the  measurement  can  be  made  is  a  small  space,  and 
does  not  require,  as  in  the  case  of  the  older  kind  of  photometers,  a  long 
dark  room. 

8.  ARC  HORSE  POWER  MEASURER. 

Indicates  the  horse  power  expended  in  any  electric  circuit,  and  the 
accuracy  of  its  readings  may  be  tested  by  a  single  cell  in  the  way  described 
above,  this  instrument,  like  their  dectric  light  galvanometer,  being  wound 
with  multiple  wires,  and  fitted  with  a  commutator. 


4.  PYNAMOMBTEB  COUPLING, 

For  measuring  the  work  transnutted  €lirec%'  by  a  dialt  to  aay  machine, 
as  for  example  the  work  transmitted  by  the  shaft  of  a  direct  working  three- 
cylinder  engine  to  a  dynamo  electric  machine.  In  place  of  the  ordinary 
coupling  connectiDg  the  two  sectiona  of  a  shaft  end  on,  is  substituted  this 
dynamometer  coupling,  consisting  of  two  parts,  connected  together  by  spiral 
springs  and  keyed  respectively  to  the  two  ends  of  the  shaft.  The  extension 
of  these  springs  measuring  the  couple  exerted  by  the  driTing  poction  of  the 
shaft  on  the  driven  is  observed  optically  from  the  magnitude  of  the  ntdius 
of  the  circle  described  by  a  bright  bead  attached  to  Hie  coupling,  and 
which  by  a  shnple  system  of  Hght  rigid  links  moves  ladioHy  as  the  spiral 
springs  are  more  or  less  extended. 

6.  MODEL  OF  MULTIPLE  REFLECTOR. 
To  illuBtcate  their  method  of  greatly  magnifying. ^le  indioatioBs  of 
icfleotmg  instruments,  without  increasing  the  distance  between  the  instru- 
ment and  scale,  by  the  addition  of  a  small  fixed  mirrcv  phoed  extiemely 
dote  to  the  moveable  one. 
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In  Oallery  upstairs. 

55.    Gr.  iv.,  cl.  6, 1484 — Gr.  iv.,  cl.  7, 1498. 

LOUIS  DE  BEJAR  O'LAWLOR, 

11,  Wharton  Road^  West  Kensington  Park,  London, 

Fire  alarm  in  case  of  fire  or  other  urgent  cases  with  use  of  telephone* 
Only  one  house  is  in  communication  at  the  time  with  the  central  station. 
If  seyeral  houses  call  at  the  same  time,  the  nearest  to  the  station  will  be 
the  first  to  send  a  message  (automatically^  and  one  after  the  other  will  send 
the  messages  in  order,  without  confusion  or  delaj  in  transmission. 

Social  telegraphy  system.  With  only  two  wires  communication  is 
maintained  with  telephones  in  the  line,  and  the  matter  commuicated  ie 
kept  secret.    The  instnunents  are  automatic. 


In  Historical  Section  upstairs. 

66.    Gr,  vi,  cl.  16, 1664. 

ROYAL  INSTITUTION  OP  GREAT  BRITAIN. 

FARADAY'S  ORIGINAL  INSTRUMENTS  OF  RESEARCH. 

It.  A  magnet  made  at  the  London  Institution  by  an  electric  discharge 
from  70  square  feet  of  charged  surfiu^.  Present :  Sir  H.  Davy,  Pepys, 
Grordon,  Bostock,  and  Faraday.    (November  14th,  1820.) 

2.  Original  apparatus  with  which  Faraday  obtained  the  magneto- 
electric  spark. 

A  welded  ring  of  soft  iron,  6  inches  in  diameter,  Jthsof  an  inch  thick, 
one  part  covered  by  a  helix  A,  containing  about  70  feet  of  insulated  copper 
wire,  occupying  about  9  inches  in  length  upon  the  ring. 

The  other  part  covered  by  a  second  helix  B,  containing  about  60  feet 
of  insulated  copper  wire.  The  helixes  are  separated  from  each  other  at 
their  extremities  by  half  an  inch  of  the  imcovered  iron. 

The  iron  ring  was  converted  into  a  magnet  by  passing  a  voltaic  current 
through  the  helix  A.    This  induced  an  eleotric  current  in  the  helix  B|  and 
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a  small  spark  was  for  a  moment  seen  at  the  carbon  terminals.  (Phil. 
Trans.  1831.) 

8.  Faraday's  original  apparatus  for  magneto*eleetrio  induction  by  a 
permanet  magnet. 

A  pasteboard  tube  is  surrounded  by  a  helix  G  of  insulated  copper  wire. 
The  diameter  of  the  tube  allows  a  cylindrical  bar  magnet  to  pass  freely 
into  it.    The  terminal  wires  of  the  helix  are  connected  with  a  galvanometer. 

On  the  introduction  of  a  permanent  bar  magnet  into  the  helix,  and  on 
its  withdrawal  from  it,  currents  of  electricity  were  induced  in  the  helix, 
which  caused  a  deflection  of  the  galyanometer  needle.    (PhiL  Trans.  1881.) 

4.  Various  helixes,  spirals,  &c.,  used  by  Faraday  in  his  researches  on 
magneto-electric  induction,  &c.     (Phil.  Trans.  1881.) 

5*  Apparatus  used  by  Faraday  for  the  condensation  and  liquifaotion  of 
gases,  consisting  of  condensing  pump  and  connections,  conducting  and  other 
tubes,  gauges,  sealed  tubes  for  containing  the  liquified  gases,  &c.,  &c. 
(PhiL  Trans.  1845.) 

6.  Bars  of  borate  of  lead  glass  made  and  used  by  Faraday  for  the 
action  of  magnets  on  polarized  light.    (Phil.  Trans.  1845.) 

7.  Glass  tubes  prepared  and  used  by  Faraday  for  testing  the  magnetic 
and  diami^etio  character  of  gases. 

The  tubes  containing  the  gas  to  be  examined  were  suspended  in  the 
magnetic  field  of  a  powerful  magnet,  the  result  being  either  attraction  or 
repulsion  of  the  tubes  as  the  gases  they  contained  were  either  magnetic  or 
diamagnetia    (Phil.  Trans.  1850.) 

8.  Faraday's  rotating  rectangle  for  illustrating  the  inductiye  action  of 
the  earth. 

The  apparatus,  provided  with  a  commutator  for  collecting  the  currents, 
was  attached  to  a  galvanometer,  and  rotated  in  the  line  of  the  magnetic 
meridian,  when  the  electric  current  induced  in  the  rectangle  deflected  the 
galvanometer  needle.    (Phil.  Trans.  1852.) 

67.    Gr.  iv.,  cl.  16, 1652. 

KING'S  COLLEGE,  LONDON. 

[1.]    ORIGINAL  RHBOSTAT. 

In  the  early  experiments  (prior  to  1840),  when  re&istance  was  required 
to  be  introduced  into  electric  circuits,'  this  appears  to  have  been  done  by 
wires  suspended  from  insulating  supports  (e.  g,j  Ronalds  m    1820,  in 
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Hammersmidi  and  Wheatstone  in  1884,  in  his  ''  Duration  of  Electrio 
Light''  ezperiments).  As  galranic  electricity  requires  less  provision  for 
insulation,  resistances  (about  1840)  assumed  a  less  cumbrous  form,  the 
wire  being  coiled  upon  a  frame,  or  upon  a  cylindrical  block  of  wood,  a 
prorision  sometunes  being  made  by  which  the  whole  or  only  half  the  length 
of  wire  could  at  pleasure  be  taken  into  the  circuit.  Faraday  advanoed 
upon  this  by  furnishing  a  fixed  wooden  cylinder,  haying  a  wire  'foiled 
helically  upon  it,  with  a  sliding  contact,  so  that  any  number  of  whole 
ooQYolutions  could  be  introduced  into  the  circuit  (vide  Exhibit,  No.  8 
Rheostat  given  by  Faraday  to  C.  W.).  In  all  these  arrangements,  the 
wire  when  not  of  constant  length,  was  increased  by  constant  augmentations, 
while  the  exact  measurement  was  done  by  the  galvanometer.  Wheatstone's 
improvement  consisted  in  making  the  resistance  so  finely  adjustable  that  it 
became  itself  the  measuring  instrument,  the  galvanometer  becoming  prac- 
tically only  an  indicator.  Wheatstone's  rheostat  consisted  of  a  length 
of  fine  metal  wire  wound  partly  upon  each  of  two  parallel  cylinders,  one 
of  wood|  with  a  helical  groove  cut  upon  it,  the  other  brass,  mounted  upon 
a  suitable  stand.  By  means  of  a  handle,  these  <^linder8  could  be  turned 
so  that  the  wire  could  be  wound  'almost  entirely  upon  either  of  them. 
The  current  enters  the  apparatus  where  the  wire  is  fixed  to  the  metal  axis 
of  the  wooden  cylinder,  and  as  the  wood  is  insulating,  the  current  passes 
through  the  entire  length  of  wire  upon  the  cylinder,  and  enters  the  brass 
barrel  which  is  not  insulating,  at  the  point  where  it  first  touches  it.  There- 
fore the  greatest  available  resistanoe  is  obtained  when  the  full  length  of 
wire  is  wound  upon  the  wooden  cylinder,  and  the  least  when  it  is  wound 
upon  the  brass.  The  intermediate  values  ure  exactly  indicated  by  a 
scale  shewing  the  number  of  convolutions  unwound  and  by  a  pointer  and 
gratuated  circle  at  one  end  which  shews  the  fractions  of  convolutions. 
The  instrument  (Exhibit  No.  1)  was  shown  to  Jacobi,  in  August,  1840, 
and  was  referred  to  by  him  at  the  B.A.  Meetmg,  in  Glasgow  that  year. 

[2.]    NEEDLE  FOR  SHEWING  CONCENTRICITY,  &c. 

[8.]    RHEOSTAT  GIVEN  BY  FARADAY  TO  WHEATSTONE. 
(See  remarks  of  No.  1  Exhibit  above. 

[4.]    WHEATSTONE  ORIGINAL  BRIDGE.       ) 
[5  and  6].  TWO  PLAINER  BRIDGES.  ) 

This  apparatus  was  designed  by  Wheatstone  (1840-8),  and  called  by 
him  the  ^^  difftrentiotl  reaUtance  meoiurer.''     The  arrangement  of  four 
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oircuitB  in  wUch  the  balance  principle  is  the  same  aa  that  on  wfaich 
Wheatstone  hased  his  instrument,  had  been  described  for  another  purpose 
in  1833  by  Mr.  Christie.  The  bridge  consists  of  a  mahogany  board,  on 
which  four  copper  wires  are  stretched  between  suitable  binding  screws. 
Two  binding  screws  are  on  one  side  of  the  board  for  receiving  Hie  ends  of 
the  galvanometer,  and  two  similar  binding  screws  on  the  other  side  are  for  the 
battery.  The  four  "  bridge''  ^rires  are  so  arranged  Ihat  one  of  them  goes 
from  each  of  the  galvanometer  binding  screws  to  each  of  the  battery 
binding  screws.  ''  If  the  four  wires  be  of  equal  length  and  thiekneas  and 
of  the  same  material,  perfect  equilibrium  is  established,  so  that  a  rheomoter 
however  powerful  will  not  produce  the  least  deviation  of  the  needleof  the 
galvanometer  from  asero But  if  a  resistanoe  be  inter- 
posed in  either  of  the  four  sides,  the  equilibrium  of  tihe  galvanometer  will 
be  disturbed."  (Wheatstone  Phil.  Trans,  v.  138,  p.  324).  A  diflerent 
arrangement  of  wires  was  published  by  Wheatstone  at  the  same  time.  In 
this  the  four  wires  were  placed  upon  the  board  in  the  shape  of  a  losenge, 
the  extremities  being  connected  to  binding  screws.  The  binding  screws 
terminating  the  longer  axis  of  the  lozenge  received  the  galvanometer,  while 
those  at  the  two  ends  of  the  shorter  axis  received  the  battery.  An  adjust- 
ment was  introduced  by  means  of  a  moveable  arm  attached  to  one  of  the 
terminals,  by  which  a  portion  of  the  current  of  one  of  the  four  wireb 
could  be  shunted  to  obtain  equflibrnm. 


AUTOMATIC  SYSTEM. 

[7a.]  Original  puneher,  taith  ivory  key»  (1868) 
[75.]  Puneher  of  later  daU  (co.  1868) 

[28.]  Ink  dot  primer        (1858) 
[24.]  FrifUeTf  with  metcdlic  ribbon 
[25.]  Six  magnet  dot  printer 

[58.]  Bcqnd  dot  and  dash  transmitter. 

[83.]  Origiwd  D  0  key  (^1860) 

[84.]  D  0  key  for  quick  revereaU 
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Wheatstone's  automatic  system,  as  its  name  implies,  was  designed  with 
a  view  to  replace  manual  transmission  by  mechanism,  for  the  purpose  of 
obtaining  greater  accuracy  and  increased  speed.  "  Long  strips  of  paper 
are  perforated  by  a  machine  for  the  purpose  (called  a  pancher\  with 


itfjorlam  gi9a«|)e4  tip  ropreeont  the  IfM^rs  of.  t^e.ft]j^l^l)et  and  ot^ei;,  aigz^ 
A  strip  thus  prepared  is  placed  in  an  instrument  associated  T^th  i;be.90urce 
of  electric  power  (called  the  transmitter),  which  on  being  set  in  motion 
moves  it  along  and  causes  it  to  act  on  two  pins  £S  s^ch  a  hiariner  that  when 
one  of  them  is  elevated  the  current  is  transmitted  tb  the  tekgta|^*  circuit 
in  one  direction,  and  when  the  other  is  elevated  it  is  traaisniitted  in  the' 
reverse  direction.  The  elevating  and  d^rdssing  of  ih^ie  piftff aregoviMn^it 
by  the  apertures  and  hitervening  intervals  in  the  paper.  These  ftmtente 
following  each  other  act  upon  a  writing  instrument  (called  the  rer^ver)  id 
the  distant  station  in  such  &  manner  as  to  produce  borresponding  marlis  oA 
a  slip  of  pa^r  moved  by  apprc^riate  mechanism.**  {Comptes  Readusi 
1859,  V.  xiviil.,  p.  214). 

ABC  INSTRUMENTS. 

[Ib/o'20.]    a  B  C  in8trununt$.    (1840  to  186a.) 
pe.l    AS  dreceiver  with' revolving  dial    (caASiS.) 
[is J]     Oomhined  needle  and  revdlving  dial  Receiver, 
[29.]    A3  Crecewer  in  black  case    {\B70.)  '  . 

t27.1    CalileU.  *     ; 

Dial  telegraphs  were  patented  by  Cooke  &  Wheatstone  in  1840, 
and  constructed  to  work  both  with  galvanic  and  magneto-electric  currente. 
The  use  of  galvanic  currents,  however,  in  thi  systeni  did  not  Idng  survive 
its  invention,  the  form  with  magneto-electric  currents'  being  that  ahnoSf 
exclusively  employed.  Since  1840  the  sjrstem  has,  at  various  dates,  been 
greatly  improved  upon,  arid!  very  extensively  employed  fcoth  for  public 
and  private  uses.  The  apparatus  consists  essentially  of  three  distinct 
parts:— (I)  the  communicator;  (2)  the  indicaior,  and  (8)  the'ba/?  belL 
The  communicator  consists  of  a  small  box  upon  the  upper  side  of  which 
i6  a  dial  Having  its  circumference,  divided  into  eqiial  spaces,  marked  with 
tihe  letters'  the  alphabet  and  numerals,  A  hand  or  pointed  ^Ivotted  in 
the  centre  of  the  dial  is  made  to  rotate,  stopping  at  any  letter  at  the  will' 
of  the  operator.  In  the  interior  is  a^iiQiTnanent  magnet ,an(jl,cpU  wh^qh 
produce  an. alternate  current  for  every  letter  which  the  hand  of.  the 
communicator  passes  over.  The  indicator  has  a  dial  in  front  similar  in 
its  arrangements  to  that  .of  the  communicator  but,  smaller.  An  index  hand 
is  moved  roimd  with  a  step-by-step  motion  propelled  by  an  electro-ma^etic 
in  its  interior,  its  movements  being  controlled  by  and  corresponding  with 
the  currents  sent  by  tk&  oowjo^nieati^r.  The  bell  >  actoated  ly  a  tmixi 
of.clpcfcwod^  ]:«lm6d  by.  thecuxxeoyts  ol^.c^maujaicat^     Ixi.4879 

^^^ ' f'2 
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there  were  between  7|000  and  8,000  of  the  improved  form  of  these 
inBtroments  in  use. 

[21.]  Tehgraphic  thermometer 

This  apparatus  consists  of  two  distinct  instruments  connected  together 
hj  tekgraph  wires.  The  first  (A)  was  called  hj  Wheatstone  the 
qtteetumer;  the  second  (B)  the  reepmder.  The  ''  questioner,"  which  is 
always  retained  in  the  operating  room,  consists  of  a  rectangular  wooden 
box  having  on  the  top  a  dial-face  engraved  with  thermometer  degrees.  A 
handle  in  front  causes  the  rotation  of  a  magnetic  armature  in  the  interior, 
and  px)duces  alternate  currents  in  suitable  wire  coils,  similar  in  con- 
struction to  the  communicator  of  the  A  B  C  telegraph.  But  besides  this 
the  box  contains  also  a  small  electroHnagnet,  the  armature  of  which  acts 
by  means  of  mechanism  upon  the  index  or  hand,  which  it  propels  round 
the  engraved  scale.  The  ''  responder,"  which  is  located  at  the  distance 
place  whose  temperature  is  to  be  be  measured,  is  contained  in  a  circular 
brass  box  showing  at  the  top  a  similar  dial  with  thermometic  degrees  and 
an  index.  It  contains  also  (1)  a  ''Br^^uet"  thermometer,  (2)  a  small 
electro^nagnet,  which  propels  a  disc,  making  as  many  steps  as  there  are 
half  degrees  upon  the  scale,  and  (8)  an  axis,  to  which  is  fixed  a  delicate 
spiral  spring,  which  causes  a  pin  to  bear  lightly  against  the  hand  of  the 
thermometer  however  it  may  vary  its  position.  These  two  instruments 
are  connected  by  telegraph  wires.  The  action  of  the  apparatus  is  as 
follows:— The  dial  of  A  being  brought  to  0®,  and  the  handle  turned,  the 
circuit  is  completed  with  the  electro-magnet  of  B.  A  disc  is.  thereby 
caused  to  revolve  in  an  opposite  direction  to  the  graduation  of  the  scale 
until  a  pin,  originally  starting  from  O*,  comes  into  contact  with  a  stop  in 
the  thermometer  index,  and  completes  the  circuit  of  a  second  wire, 
so  that  now  both  electro-magnets  act  simultaneously,  and  the  index  of  A 
marces  over  a  space  corresponding  with  that  between  V  and  the  deflected 
hand  of  the  thermometer. 

[22.]    ELECTRIC  FIRE  ALARM. 

This  consists  of  a  mercury  thermometer  tube  in  which  the  mercuxy 
expanding  by  heat  made  contact  with  a  platinum  wire  and  dosed  the 
circuit  of  an  electric  bell.  It  was  made  about  1888,  and  was  used  in 
the  inventor's  house. 

[80.]    BLBCTRO-MAGNBTIC  CHR0N08C0PE. 

This  instrument  was  devised  by  Wheatstone,  in  1840,  for  the  exact 
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meunrement  ot  small  intonralfl  of  time  prinoipally  for  detennining 
the  yelooity  of  projectileB.  Two  soreens  eaoh  made  of  wire  led 
backwards  and  forwards  across  a  frame  are  placed  in  the  path  of  ihe 
ball  at  a  known  distance  apart.  The  wire  of  each  screen  forms  part 
of  a  separate  circuit  communicating  with  the  indicating  instrument. 
When  the  wires  are  successively  broken  by  the  projectile  the  successiye 
interruptbns  of  the  two  currents  are  registered  by  the  indicating 
instmmenty  part  of  which  moves  with  a  known  velocity. 

[89.]    ROTATING  MIRBOE,  SPARE  DISC,  fta 

This  apparatus  was  constructed  with  the  object  of  measuring  ''  the 
Yelodty  of  electricity/'  and  *'  the  duration  of  the  electric  light."  The 
plan  of  measuring  by  the  rotatbg  miiror  was  announced  by  Wheatstone 
in  1880,  but  his  complete  experiments  were  not  published  imtil  1884. 
His  plan  consists  essentially  in  viewing  the  image  of  the  spark  reflected 
from  a  plane  mirroTi  which  is  rotated  800  times  a  second,  and  in  which 
the  reflected  image  of  a  luminous  point  therefore  passes  over  an  arc 
of  half  a  degree  in  about  the  7  jsVthf  ^^  *  second.  In  the  experiments 
on  the  velocity  of  electricity  a  leyden  jar  was  discharged  through  a 
copper  wire  half  a  mile  long,  interrupted  both  at  the  middle  and  at  its 
two  extremities.  The  wires  connected  with  the  coating  of  the  jar  and 
the  ends  of  the  copper  line  wire  were  connected  with  six  small  brass  balls 
placed  equidistant  in  a  line  with  each  other,  so  that  each  discharge  gave 
three  separate  sparks  dose  together.  When  these  sparks  were  viewed  in 
the  rotating  mirror  a  deviation  of  half  a  degree  between  any  two 
neighbouring  images  would  indicate  a  speed  of  288,000  miles  per  second 
through  the  corresponding  half  of  the  wire.  Wheatstone  found  that 
when  the  velod^  of  the  mirror  exceeded  a  certain  limit  the  three  sparks 
were  elongated  into  three  parallel  lines  and  the  lengths  became  greater  as 
the  velodtyof  the  mirror  was  incressed.  The  greatest  elongation  observed 
was  about  24*,  indicating  a  duration  of  the  spark  of  about  -^xhru  s^coi^d, 
whilst  the  spark  due  to  the  middle  interruption  of  the  line  wire  was  never 
more  than  i  degree  in  arrear  of  the  sparks  due  to  the  two  ends  which 
were  always  simultaneous. 

[41.]    FIVE-NBEDLB  DIAL  AND  KEY. 

This  form  of  telegraph  instrument  was  the  subject  of  Messrs,  Cooke 
&  Wheatstone's  first  patent  (1887).    The  receiver  oonsistB  of  five  vertical 


cilviinoacopefl  placed  m  a  liiriiotttal  Tine,  adtosa  thie  midite  di^tt  lAiNttg«^ 
shaped  board.  The  needles  df  tfie  gahraaometewliatre  eackbro  limited 
motions,  one  to  the  "right,  die  iMfcer'  to  ihe  left,  determined  by  the  directk>ii  of 
the  current  producing  the  deflections.  Letters  of  tii©  alphabet  are  in<ticate<l 
by  the  simultaneous  deflections  o!  two  needles ;  but  numerab  by  the 
deflection  of  only  one.  Twenty  letters  of  the  alphabet  are  marked  «po6 
<^e'diai  and  occupy  the  points  bf  intersection  of  the  various  ooh.T€^:g^ 
lines  indicated  by  two  deflected  needles  J  G.J,  Q.  U.  X.  Z.^b^ing  emitt^ 
The  numerals  are  marked  upon  the  margin  of  the  lower  half  of  the 
lozenge-shaped  board.  The  key  4i9ed  Sinth  this  system -has  fiVe  brass  bar$ 
6pTrespQn4ing  ^th  the  five  galyanometer  circuits,  over  each  of  which  are 
t^  spring  cont^ts,  one  oonneoted  with  th^  posidve,  the  other  with  ih^ 
s^9gli^Yejpple  of  the  battery,  so  that  by  pressing,  the  suitable  button,  fL 
r^ht  or  left  hand  deflection  may  be  produced. 

[31.]    ORIGINAL  RELAY. 

[82.].  RELAY  IN  CASE.  .     . 

This  reky  Was  patented  by  Cooke  &  Wheatetone  in  1887,  and  w&s 
employed  for  aotoidmg  an  alarm  in  bonneetioBi  with,  their  fiv&^needle 
tdegraph*  It  o<Misi8ti  of  a  vertical  galTanosoope  ooil  osd  a  magnst  nfl^dle^ 
liie  defection  of  which  causes  a  amaU  metallin  fork  to  dip  into  two  cnpB 
of  meronry  and  to  close  the  oirenit  of  a  local  battery.and  alarm* 

[51  j    ORIGINAL  DYNAMO-ELECTRIC  MACHINE. 

Prior  to  18i66»  magneto-electric  machines  were  a<^tuated  either  by  a 
pearmanent  magnet,,  or  1^  an  electro-magnet  deriving  its  pow^r  from  a 
bf^tteiy  pli^ed  in  ^e  pjq^cuit  ^f  ita  «oi^,  Early  iui  1866^  the  disooyary  wa# 
^fi4^  by  Whea^tone  that  ^n  eleotaro-n^gnet,  if  it  posse^at  thecommencer 
ifte|it>.the.s%^te3t  polarity,  n^y  becoine  a  poTyerful  magnet  by  gradually 
augmenting  curr^ts  which  itself  originates.  The  apparatus  exhibited 
was  made  for  Wh^atstone  by  Mr.  A.  Stroh  in  the  summer  of  1866, 
and  was  shown  at  the  Royal  Society  in  February  of  the  following  year^ 
It  consists  of  a  flat  electronmagnet,  between  the  poles  of  idxich  rotates  a 
cylindrical  armature  of  soft  iron  coiled  longitudinally  with  wire,  and 
commonly  known  as  the  "  Siemens'  Armature."  It  was  found  that,  when 
the  ends  of  the  armature  Avire  were  connected  in  circuit  with  the  wire  of 
the  electro-magnet,  and  the  armature  rotated,  currenta  of  considerable 
strength  wefe  quickly  generated  in  the  system.  The  explanation  of  this 
rhich  Wheatstone  gave  is  as  follows  :—**  The    electro-magnet    alWayft 
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retains  a  slight  residual  magnetism,  and  is  therefore  in  the  condition  of  a 
yreak  permanent  magnet;  the  motion  of  the  armature  occasions  feeble 
currents  in  alternate  directions  in  the  coils,  which  after  being  reduced 
to  the  same  direction  pass  into  the  coils  of  the  electro-magnet  in  such 
a  manner  as  to  increase  the  magnetism  of  the  iron  core ;  the  magnet 
having  thus  received  an  accession  of  strength,  produces  in  its  turn  more 
energetic  currents  in  the  coil  of  the  armature,  and  these  alternate  actions 
continue  until  a  maximum  is  attained,  depending  upon  the  rapidity  of  the 
motion  and  the  capacity  of  the  electro-magnet.'*  The  idea  of  a  dynamo- 
electric  system  seems  to  have  occurred  to  several  experimenters  about  the 
same  tin:ie.  In  December,  1866,  Mr.  S.  A.  Varley  provisionally  patented 
a  machine  of  the  kind ;  and  in  January,  1867,  Dr.  Siemens  read  a  paper 
before  the  Academy  of  Sciences  upon  the  same  subject 

[54.]    WHEATSTONE'S    ORIGINAL    DRAWINGS    OP    CABLE 
MAKING   AND    LAYING. 

The  scheme  embodied  in  these  drawings  and  the  experiments  in  con- 
nection with  the  subject  form  the  veritable  starting  point  of  submarine 
telegraphy.  In  1837,  Wheatstone  commenced  working  on  the  subject  of 
submarine  telegraphy,  and  in  February,  1840,  he  gave  evidence  before  a 
Select  Committee  of  the  House  of  Commons  on  the  practicability  of 
establishing  communication  by  means  of  a  cable  between  Dover  and 
Calais.  These  two  drawings  were  prepared  in  1840,  in  which  year  he 
visited  the  Continent  with  a  view  to  get  his  suggestion  carried  into  effect. 
Sheet  I.  shows  the  machines  for  insulating  and  making  up  the  proposed 
cable,  and  how  it  was  to  be  put  on  board  the  cable  laying  ship.  Sheet  11. 
shows  the  proposed  route  of  the  cable  from  the  South  Foreland  to  Cape 
Grisnez,  and  also  the  method  of  laying,  joining,  and  undenmning. 

A  preliminary  experiment,  which  was  made  by  Wheatstone  in  1844, 
in  Swansea  Bay,  was  intended  to  test  the  practicability  of  this  scheme. 
He  tried  various  forms  of  insulation,  and  telegraphed  from  a  boat  in  the 
bay  to  the  Mumble  Head  Lighthouse.  The  results  were  highly  encouraging 
and  Wheatstone  was  preparing  seriously  to  carry  out  his  scheme  when 
gutta-percha  came  to  his  knowledge  (in  1845),  and  promised  obvious 
advantages  as  an  insulator,  but  he  failed  to  devise  a  means  of  applying  it 
to  the  wire.  A  method  to  do  this  was  soon  afterwards  invented,  which 
enabled  the  line  to  be  laid  in  1849  by  Mr.  Brett  over  the  identical  route 
previously  contemplated  by  Wheatstone. 
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In  Bibliographical  Section  upstatn, 

67.  Gr.  vl,  cL  15, 1660, 

THE  SOCIETY  OP  TELEGRAPH  ENGINEERS 
AND  OF  ELECTRICIANS, 
4,  Broad  Sanctuary y  Wuimijutery  London. 

[1.]    A  complete  set  of  the  Journal  of  the  Society,  9  Vols.,  1872-81. 

[2.]  The  Ronaldfl  Catalogue.  This  catalogue  containB  between 
18,000  and  14,000  entries,  comprising  not  only  the  Books,  Pamphlets,  and 
Publications  in  the  Ronalds  Library,  of  which  it  forms  the  catalogue, 
but  also  of  all  other  works  relating  to  Electricity,  Magnetism,  and  the 
Electric  Telegraph,  which  its  compiler  was  able  to  discover  during  a  long 
life  devoted  to  the  work. 

68.  Gr.  vi.,  d.  15, 1647. 

LATIMER  CLARK,   Mem.  Inst.  C.E., 
6,  Westminster  Chambers,  Victoria  Street,  London. 

Abercorn  (Earl  of). 

Calculations  and  Tables  relating  to  the  attractiTe  virtue  of  Load- 
stones.   8vo.  1729 
(Interesting  as  giving  the  yalue  of  loadstones  in  the  last  century.) 
Affaytatus  (Fortunius). 

Pbysicffi  ac  Astronomicss  considerationes.  Venetis.     1549 

(This  early  writer  on  magnetism  was  the  first  to  publish  the  de- 
clination of  the  magnetic  needle.  The  credit  of  this  has  been 
usually  ascribed  to  Kobert  Norman,  in  his  <*  Newe  Attractive, 
1581."  George  Hartmann  had,  however,  observed  the  phe- 
nomenon at  a  sUU  earlier  date.  See  Dove's  Bepertorium,  Vol.  ii., 
p.  129.    This  work  is  extremely  rare.) 

Barlowe  (Wm.) 

The  Navigator *s  supply.    Sm.  4to.  London.     1597 

(This  very  scarce  old  tract  on  navigation  commences  with  a  full 
description  of  the  compass.) 

Magnetical  advertisements.  London.     1616 

(A  rare  and  early  treatise  on  the  magnet.)    • 
Blondus  (M.  a.) 

De  Ventis  et  Navigatione.    4to.  Venetis.     1546 

(An  early  tract  on  navigation.  Contains  an  engraving  of  a  mari- 
ner's compass,  called  *<  Fixis  velbuzolus,'*  £rom  which  the  French 
word  **  boussole  **  and  the  Italian  *'  bussola.") 
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GABEtTS  (Niax.As). 

Philowpliia  Magnetioa.    Fol.  PzoBtaat  Colocam.    1629 

(An  early  work  on  mtgnetifm.) 
Cooke  (W.  F.) 

Tel^raphio  BailwajB.    8yo.  London.     1842 

(The  earliett  troatSse  on  the  telegraph  ai  applied  to  railways.) 
Dbsaouliebs  (J.  T.) 

Diasertation  oonceming  Eleotricity.    Svo.  London.     1742 

(The  earlieat  Bngliih  work  on  eleetridty.) 
Fbedbrigi  (J.  B.) 

Cryptographia.    4to.  Hamboxg.    1685 

(Contains,  at  page  284,  the  earliest  example  of  the  "  Morse  "  code.) 
GiLBBBT  (Db.  Wm.) 

De  Magneto.    Fscap.  4to.  London.    1600 

(Gilbert  was  a  great  chemist  and  physicist,  and  physician  to  Queen 
Elisabeth.    This  author  is  generally  regarded  as  the  founder 
of  the  sciences  of  magnetism  and  electricity.) 
Green  (6.) 

Matbematical  Analysis  to  the  Theories  of  Electricity  and  Mag- 
netism.    4to.  Nottingham.     1828 
(A  fine  mathematical  treatise  on  electricity.    The  author  was  the 
first  to  introduce  the  word  "  potential  **  into  phjsics,  see  page  9. 
The  work  is  extremely  rare.) 

GuBRicKE  (Otto  1>b). 

Ezperimenta  Nova.    De  vacuo  spatio.  fol.         Amstelodami.     1672 
(Quericke  was  the  iuTcntor  of  the  air  pump,  and  the  plate  of  his 
experiments  with  this  machine,  at  page  104,  is  Tcry  curious.    At 
page  148  he  giTes  a  drawing  of  the  earliest  form  of  the  electrical 
machine.) 

KiRCHER  (A.) 

An  Magnesia.    4to.  Herbipoli.    1681 

(A  rare  and  early  treatise  on  magnetism  ) 
Magnes  Sive  de  Arte  Magnetioa.    4to.  Rome.    1641 

(An  early  and  important  treatise  on  magnetism.) 
Marttn  (John)  and  Chambers  (Ephrauc). 

The  Philosophical  History  and  Memoirs  of  the  Royal  Academy 
of  Science  at  Paris:  or  Abridgement  of  all  the  Papers 
published  relating  to  Natural  Philosophy  from  1699  to  1720. 
8vo.,  4  vols.  1742 

(At  page  187,  mentions  experiments  made  by  Du  Yemay  in  1700 
before  the  Boyal  Academy  of  Sciences  at  Paris,  showing  gal- 
Tanic  convulsions  of  a  frog's  leg.) 

Milker  (Thos.) 

Experiments  and  Obeervatkms  in  Electricity,    Srot    London.    1783 
(A  very  rare  treatise  on  eleotrid^.   It  contains,  at  page  86,  a  de- 
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■cription   of  the   kind   of  electrometer   known  i^  Pe^lia't 
electrometer.) 

MORTKNSSON  (JaHAI^ES). 

De  Electricitate,  sub  pnssidio  Samuelis  ElingeDstierna.   Sm,  ito. 

Upsalia.     1740 

(Believed  to  be  the  first  separately  printed  treatise  on  electricity.) 

Neckam  (Alex.) 

De  Naturifl  Reram.    8yo.  Roy.  8vo.  London.     1863 

(Alexander  Neckam,  Monk  of  St.  Albans  bom  1157»  died  1217,  is 
probably  the  earliest  writer  who  alludes  to  the  mariner's  compass, 
see  page  183  and  preface  zxxt.) 

Newton  (Sib  Isaac). 

Aatograph  Letter  of.    4to.  London.    17 IG 

(Containing  an  interesting  allusion  to  the  resemblance  of  the 
elfiotrio  spark  to  lightning.) 

NoBMAN  (Robert). 

The  Newe  Attractive.    (1st  edition),  8yo.  London.    1581 

(Bxtremely  rare  work  on  the  magnetic  needle.  It  describes  his 
discovery  of  the  dip  of  the  needle.  The  first  BngUsh  work  on 
the  magnet,  and  the  earliest  work  but  two  on  the  subject.) 

Omt  (G.  S.) 

Die  Galvanische  Eette.    8yo.  Berlin.     1827 

(The  original  treatise  on  the  well-known  '*  Ohm's  Law.") 
Porta  (J.  B.) 

MagiflB  Natandis,  &c.    Libri  !▼.  Neapoli.     1558 

In  four  books.  Contains,  at  pages  88>90,  an  interesting  chapter 
on  the  magnet  and  the  first  allusion  to  teleprapby  by  the  magnetic 
needle.) 

Porta  (J.  B.) 

Magia  Naturalis.    Libri  xz.,  8vo.  Naples.     1607 

(In  twenty  books.  The  scTcnth  book^*'  De  Mirabilia  Magnetis," 
contains,  at  page  289,  the  earliest  descrtptioii  of  a  supposed 
magnetic  dial  telegraph.  There  are  numerous  edilioas  of  this 
work.    The  first  was  published  at  I*)aples  in  1689.) 

Pbreqrinus  (Petrus). 

De  Mag^ete,  4c»    Sm*  4to.  AngsburgL    1558 

(The  earliest  known  work  treating  speoially  on  magnetism*— 
probably  the  rarest.) 

Ridley  (Mark.) 

Magnetioal  Bodies  and  Motions.     Sm.  4to.  London.     1613 

(A  scarce  and  early  tract  on  magnetism.) 

Ribss  (Philipp). 

Uber  Telephonie  duroh  den  galyanisohen  Strom.    8vo.  18G 1 

(The  first  description  of  an  electrical  telephone) 
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Ronalds  (Fsimcfirf)  ^ 

Deacnption  of  an  Electrical  Telegraph.    8to.  London.    1828 

(This  very  remarkable  work  describes,  at  page  19,  the  electric 
tekgraph  in  nearly  tte  tamftlbtm  aa heikls  at  therpiMent  day. 
At  page  12,  he  clearly  forsees  the  effect  of  induction  on 
telegraph  wires.) 

Scots  ^oazine.    (February  1,  1758.)    8vo.  Edinbttrgh.    1758 

(See  page  78.  The  letter  signed  0.  M.,  (t.t.  Oharles  Marshall,) 
contains  the  earUeat  kxioim  mentioa  and  deseriptiun  of  an 
electrical  telegraph.) 

Soemmering  (S.  F.) 

tJber  Linen  Electrificben  Telegrapben.    4to.  Munchen.     1811 

(The  first  description  of  Soemmering's  experiments  on  the  tele- 
graph.) 

SlUMHBIL  (C.  A.) 

XTber  Tel^B^raphie.    8vo.  Munchen.    1888 

(The  first  description  of  SteinheU's  telegraph.) 
Stradjb  (F.) 

Prolusiones  Academics    8to.  Lugdoni.    1817 

(Strade's  curious  verses  on  an  imaginary  BMgnetie  telegraph  at 
page  306  are  well  known.) 

SWAMMBRDAM  (J.) 

Biblia  Naturae.    2  vols.,  fol.  Leyden.     1787-8 

(2nd  vol.  describes  at  page  839  experimenti  on  the  galranlc  effect 
«f  metals  on  tiie  legs  of  the  frog,  nsde  btfor»  the  Grand  Duke 
of  Tatcsny.) 

SWRDBNBOBO  (E.) 

Prind^  Beruia  Naturalium.    8  Yok»  la.  ito.  Dresdee.    1784 

(1st  t61.  eontains  his  very  remarkftbte  in?efttigations  on  magnetism.) 
Taisineb   (J). 

DeNatoraMagnedaetlljusEffisotibuB.    4to.  Colonia.     1562 

(The  second  e&rfiest  work  on  magnetism.) 
ViNCENTIUS  (BeLLOVACENSIS). 

Speculum  Naturale.    2  vols.    FoL  1478-1476 

(Contains  probably  the  earliest  printed  allusion  to  the  polarhy  of 

the  magnetised  needle  and  its  use  fqt  tkt  purposes  of  nayig^tton. 

See  Tol.  i.,  lib.  ix.,  cap.  xi.  aad  zl.     Yincentius  was  Bishop  of 

BeauVais,  and  wrote  about  1250.) 

VOLTA  (A). 

De  yi  attractiTa.  1769 

(Volta's  earliest  work.) 
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ON  THE  STHPATHSnC  TELEGRAPH. 

The  fbllowing  books  oontain  early  aUnsions  to  mimaginaiy  magnetio 
telegraph,  formed  by  two  oompasKs,  with  the  letters  of  the  alphabet 
written  round  the  ciroomferenoe,  and  with  the  two  needles  magnetised  by 
the  same  magnet  These  were  supposed  when  at  a  distance  from  each 
other  to  move  in  sympathy.  This .  imaginary  telegraph  was  first  men- 
tioned by  Baptista  Porta  in  1558,  who  is  supposed  to  have  derived  it  from 
Cardinal  Bembo.  The  idea  has  been  continually  alluded  to  or  reproduced 
in  a  variety  of  forms  by  later  writers  down  to  a  recent  period.  Among 
these  Famianus  Strada  in  his  Prolusiones,  1617,  and  Addison  in  die 
Spectator  17  U,  are  the  most  widely  known. 

1558.  Porta  (J.  B.) 

MagisB  Naturalis,  &c.    Libri  iv.    8vo.  NeapolL    1558 

(See  page  90.) 
1589.  POBTA  (J.  B.) 

MagisB  Naturalis.    Libri  zz.    8vo.  Naples.     1607 

(Ut  edition  1589.  At  page  289,  PorU  gi? et  the  first  clear  detcrip- 
of  the  sympathetic  compasses.) 

1600.  De  Sunde  (J.  H.)  (i.e.  Scrwenter  Daniel.) 

Steganologia  and  Steganographia.     12mo.  Numberg.     1600 

(Without  date.  See  page  127.  Janus  Hercules  de  Sunde  is  an 
assumed  name.  Hiller  in  the  preface  to  his  Mysterum  Artis 
Steganographica  1682,  says  that  it  is  a  synonym  for  Daniel 
Schwenter  Noribergense.  And  at  page  287  he  says,  <*  Sohwenteri 
is  Bst  Hercules  de  Sunde."  De  Sunde  giTcs  a  more  interesting 
description  of  the  magnetic  telegraph  than  any  other  writer.  He 
calls  the  attention  of  his  correspondent  by  ringing  bells  by 
means  of  bar  magnets.  His  needles  are  also  moted  by  bar 
magnets,  and  the  letters  are  formed  by  one,  two,  or  three  strokes 
to  the  right  or  left  as  in  Cooke  &  Wheatstone's  system.  His 
ideas  are  purely  cabalistic,  but  his  curious  anticipations  of  the 
modem  telegraph  are  very  singular.  The  date  is  taken  from  the 
British  Museum  Catalogue.) 

1609.  De  Boot  (B.) 

Le  Parfiuot  loaillier  on  Histoire  des  Pierreries.  Lyon.     1644 

(1st  edition  published  in  1609.  Translated  by  Andre  Toll  into 
Latin  and  French.    See  psge  696.) 

1609.  De  Boot  (B.) 

Gemmamm  et  Lapidom  Historia.  Lngdnni  Bat.     1647 

(Latin  translation  of  the  above  work  by  A.  Toll.    See  page  464.) 
1617.  Strad-s  (F.) 

PrdlnsiopeB  Academicas.    8vo.  Lugdoni.    1617 

(His  Terses  on  the  imaginary  loTex'i  telegraph  are  well  known. 
See  page  806.) 
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1624.  Leubiohom  (t.  e.  H.  Van  Emir). 

Becreation  Mathematdqiie  Compoeer  de  Pluneura  Problemes. 
8to.  Parii.    1626 

(Itt  edition  pabliihed  at  Pont  a  HouMon,  1034.  This  work  hat 
gone  through  many  editione  and  has  been  translated  into 
English  and  Dttteh.    See  Van  Westen,  1668.    See  page  94.) 

1629.  Cabius  (Nioolab). 

Philoflophia  Magnetica.    FoL  ProBtant  Golonus.    1629 

(Cabeuais  the  first  to  giro  a  drawing  of  the  telegraph.    See  page 


1629.  Panoibollus  (S.) 

Beram  Memorabilium  nve  deperditamm.    4to.    Fimnoofarti.     1629 
(See  page  282.) 

1630.  Hakbwill  (Gbqbob). 

An  apologie  or  deolaration  of  the  power  and  providence  of  God 
in  the  government  of  the  world.    Foap.  foL  London.    1630 

(See  p.  286.) 
1681.  ElBCHBB  (A.) 

Ars  Magnesia.  Herbipoli.     1631 

(See  pages  36  and  36.) 

1635.  Galileo  (G.) 

Dialogofl  de  8]r8temate  mondi.  Angustis  Treboc.     1635 

(1st  ediUon  1682.    See  page  88.) 

1636.  SCHWEMTEB  (DaMIBL). 

Delicis  PhTsioo-Hadiematico.    3  vols.  Nnrnbeig.    1636 

'  (See  VoL  i.,  page  846.) 

1637.  Sbbvitts  (Pbtbus.) 

De  Natura  Artiaqae  Miracolis. 

(See  p.p.  466  and  886  of  Endter  (J.  A.)  Theatricnm  Sympatheti- 
cum  Anotom.    Morimbergae  662. 

16il.  KiBOHKB  (A.) 

Magnes  nve  de  Arte  Magnetica.    Sm.  4to.  Borne.     1641 

(See  page  382.) 

1646.  Bbowh  (Thos.) 

Pseododozia  Epidemioa  or  Enquiries  into  very  many  received 
tenentBy  and  commonly  pregmned  traths.    4to.       London.    1646 
(See  page  76.) 

1657.  Tubnbb  (Bobt.) 

Ars  Notoria.    The  Notary  Art  of  Solomon,  showing  the  caba- 
liftical  key  of  magical  operations,  &o,  London.    1657 

(See  page  186.    The  first  Bnglish  writer  who  gires  a  flgnre  of  the 
magnetie  diiL) 
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1661.  Glanyill  (J.) 

Tbe  lamty  of  dogmatizing,  «Qd  an  apology  for  pbilceoi^j? 

London*     1661 
(See  page  202.) 

1668.  Westin  (Wtnakt  von). 

Het  eerate  Deel  van  de  Mathemadfiche  Vermaeok.     Amhem.     1663 

(See  page  126.) 

1686.  Glahvill  (J.) 

Scepfdfl  Sdentifioa;  or,  Oonfest  Ignorance  the  way  to  Science, 
&c.  London.     1665 

(See  page  150.) 
1665.  ScHOTT  (P.  Gaspar). 

Schola  St^ganographica.    4to.  1665 

(See  pages  268-260.    His  description  is  copied  from  De  Sonde.) 
1674.  Etten  (Ht.  van). 

Mathematical  RecreationB ;  or,  a  coHeolion  of  many  ptoblems  ex- 
tracted out  of  the  ancient  and  modem  philosophers.    London*  1674 

1676.  HEroEL  (W.  E.)  :-    : 
Steganographia,  &c.                                              Mogmiti<B«  ^ '  1 676 

(See  page  368.) 

1677.  ScHOTT  (P.  G.) 

Ma£^  ITiiiT«rialiA  Nators  et  Artis.    4volfl^.4to.    Bambeiig^f    1677 
(See  Tol.  iT,  page  49.    Copied  frptaPeSunde.) 
1682.  HiLLEB  (L.  H.) 

Mysteriam  Artia  Steganographicas.    dvo.  tJlms.     1682 

(This  book  is  referred  to  under  De  Sonde,  1640.) 
1684.  DeLanis. 

Magisteriam  Natarce  et  Artb.     Opus  Physico-Matbematiciun.  ' 
SyoIb.  Brixicd.     1684-96 

(See  Tol.  itt.,  page  412.) 
1690.  Marano  (J.  P.)  or  Turkish  Spy. 

Letters  writ  by  a  Turkish  Spy.    9  vols.,  22nd  edition.    London:    17S^4 
(See  Tol.  i.,  p.  116.) 
1694.  WiLKiNS  (John). 

Mercury  or  the  secret  and  swift  messenger,  showing  how  a  man:      ' ' 
with  priiracy  .afid  speed  conmranicale  hia  thoughts  to  a 
feiend  at  any  dhtaoe^    12mOi  Londoiu    1694 

(See  page  147.) 
1696.  Vallemont  (De).  -;  .r  .^* 

La  Physique  Oceulte  oa  traite  de  la  Baguette  DiYiaatoife<^ 
Paris.  1696 

(The  Paris  edition,  1696.  has  an  appendix,  which  at  page  32  giTes 
an  account  of  the  sympathetic  telegraph.) 
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1701-2.  Le  B£UN. 

Histoire.  Critique  des  Pratiques  Superstitieuaes.  2  vols.  Rouea.    1701 
1711.  Addison. 

The  Spectator,  December  6,  1711.  1711 

(ConUint  a  well-kuown  and  intereating  chapter  on  the  lympathetic 
telegraph.) 

1786.  Bailet  (N.) 

Dietionarium  Britannicum.  London.     1736 

(See  the  word  "  Lodestone.*') 
1762.  DiDiBOT. 

Memoirs.      Correspondance  et  oavrages   in6dit£  de  Diderot. 

Paris.    1841 
(See  page  278.    Diderot,  in  hit  letter  to  Madame  YoUand  of  28th 
July,  1762,  alludes  to  Comof  (Ledm)  and  his  supposed  telegraph.) 

1762.  Du  Petit  Albert. 

Secrets  Merveilleuz  de  k  Bfigie  Nalurelle   et  Oabalistiqae. 
Lyon.  1762 

(See  page  228.) 

1772.  BABTHELEinr  (L'Abbe). 

(See  correspondanee  intfdittf da  Hadam  du  Defiknd.   Vol.  il. ,  p.  99.) 


69.    Gr.  Ti.,  cl.  15, 1646. 

CASSELL,  PETTER,  ft  GALPIN, 
La  BelU  SoMvage  Tard^  London,  E.C. 
<<  Science  for  All,"  yolumes  ii.  and  iii.,  and  monthly  parts  87-41. 

60.    6r.  vi.|  cL  15, 1646. 

W.  T.  EMMOTT, 

41,  Tam9UKk  Street,  London. 
Bound  YohnneB  of  ^'Design  and  Work"  and  ^Meohaakal  World; " 
also  copy  of  each  weeik's  issoe  published  dnrimg  the  exhibition. 

6J.    Qr.  vi.,  cl.  15, 1648. 

MACMILLAN  ft  CO., 
29  and  30,  Bedford  Street,  London. 
Books  on  Bleotricity. 

62.    Gr.  iy.,  oL  15, 1649. 

R.  S.  NEWALL, 
180,  Strand,  London, 
Books  and  Pamphlets. 


80 


Index  to  the  Exhibits  in  the  British  Section. 


I.    HAOHINBBT. 


Ho.  Pafs. 
Anglo  AfflflrieaB  Bnuh  Eleo- 

tnoIiriitConoratioii  ••••lands    6 

Britidi  Eleotrie  light  Co.    ..7  8 

Brotherhood,  Peter    14  10 

Croapton.  B. E. •••••      6  7 

BoweonBoonomicOaeCo.  ••     8  8 

Flddee,A. 15  10 

Henieji  W.  ^••••••••••••••v     9  9 


Latimer  CUrkyMoirheed,  ft  ***  ^'^ 

Co 4 

Baiiaomee,'He«d,ftJefoiet    11 

BobejftCo... ..2and8 

Bowatt  ft  Fyfe  Bleetric  Co.     6 
Dwa&y  w .  #.•••••••••••.••      S 

Thoouoa,  Sterne,  ft  Co.  ••IS       10 
WaOia  ft  Sterens   10        9 


IL    OBNB&AL. 


Appe, A.   ••••••••••••••••••  48 

Arrton  ft  Perry  ••••••••••••  o4 

Bukey,  Bmmott,  ft  Co 44 

BoomeftSon 7 

Bright,B  B 80 

Brinah    Commiaaion,    OAoe 

of 1 

Britiah  Bleetrio  Light  Co.    ••  46 

Cohne,  a 48 

Cooke,  Conrad •  11 

CoxeterftSon 87 

Crooipton,  B.  E. ••••••••••••  22 

DowaonftCo • 17 

Elliott  Brothera 47 

Exchange  Telegraph  Co.  •  •  •  •  50 

Fahrig.P.E.  19 

Pozcroity  w. M.  ••••••••••••^  1^ 

GarrattCopaon 24 

Gower  Bell  Telephone  Co.  ••    12 
Hedgea,  Kaiiogworth  86 

Henley,  w^* T.  •••••••*••••••  ^  a» 

India  Bobber,  GntU  Percha, 
ft  Telegraph  Worka  Co.  ••    28 

Johnaon,  Eichard,  ft  Nephew  f^ 

Latimer  Clark,  Mnirhead,  ft  f  81 
Co 188 


56 

61 
54 

16 
41 

11 

55 

54 

18 

51 

23 

21 

55 

57 

21 

161 

20/ 

25 

19 

50 

17) 

27/ 

27 


^— "*^ {S  54} 

OXawlor,  De  Bdar  66  68 

Pateraon,  Edward •••  26  26 

Poatal  Telegraph  Deptft> 

ment 29  29 

PuWermacher,  J. 88  52 

Eeid,T 18  21 

EeidBrothera 16  21 

Bowatt  ft  Fyfe  Electric  Co.  52  59 

Radge,  J.  A 88  47 

Sabine.B 49  56 

Sable,  Max 13  20 

Sax.JuUaa  ••.. 28  24 

SazbyftFanner 5  15 

Scientific  Toy  ft   General 

MoreltyCo 51  56 

Siemena  Brothera  • 2,8,ft4  U 

Smith,  Frederick  J 10  17 

Spagnoletti,  C.  E 34  48 

Spencer,  Jamea  ft  Samuel.  •  16  20 

Stiir,  Jamea  ft  Son 41  58 

Submarine  Telegraph  Co. . .  58  60 
Telegraph  Conatmotlon  ft 

Muntenance  Co.  •......•  25  26 

Thomaon,  SirWiUiBBi  •...  82  47 

Webb,  Browne  Wolaey. ...  8  17 

WhitecroaaWireftlronCo.  40  58 

WoUaaton,  C.  J.  • •••  86  5t 


King'a  College,  London 


m.    HISTORICAL. 
57       64     I     Royal  InititiitiOB, 


Londoti.   56       68 


IV.    BIBUOGRAPHICAL. 


Caiaell,  Fetter,  ft  Galpin  •  • .  •  59  79 

ClarkLfttimer 58  72 

Emmott,W.T ...••  60  79 

Macmillaa  ft  Co.. 61  79 


Newan,R.8 62 

Society  of  Telemph  Engi- 
neera  and  of  tfUctiioiana    57 


72 


AUG   4  -   1941 


^ 


